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ABSTRACT 
There are about 57,000 man-made slopes in Hong Kong requiring slope 
stabilization works. The increasing awareness on the environment in recent years has 
urged the Government to enforce "greening" of slopes by bio-engineering techniques, 
such as hydroseeding, hydromulching, and pit-planting of shrubs. However, these 
techniques are often applied on shotcrete that limited substrate thickness and 
subsequently available moisture and nutrients. Another concern is the dominant 
seeding of exotic grasses that is unnatural, contributes little ecological value, and 
requires relatively high maintenance. Native species are potential substitutes yet their 
eco-physiological requirements and seed sources are ill-defined. 
In view of the importance and limitations of slope bioengineering, this 
research is intended to (a) review some commonly adopted slope bioengineering 
practices in Hong Kong; (b) examine water and nutrient dynamics of selected growth 
substrates; (c) identify potential species for slope revegetation and; (d) develop 
viable slope management strategy with special emphasis on sustained vegetation 
growth. 
Nine commonly adopted slope bioengineering techniques were examined to 
elucidate their performance in the local environment. It was found that substrate 
thickness, compaction, bulk density, organic matter, mineral nitrogen, available 
phosphorus and exchangeable cations were heterogeneous on slopes. The limited 
volume of substrates ranging from 5-26 cm constrained the rooting depth and storage 
capacity of water and nutrients for vegetation establishment. Substrates with high 
peat moss content, classified as "mulching systems", had higher water retention 
capacity, SOM, TKN, mineral N and P, and exchangeable cations than "soil-based 
systems". The high C:N ratios on slopes indicated potential problem of nutrient 
deficiency. Using exotic groundcovers, Common Bermudagrass, Bahiagrass, and 
Wedelia trilobata provided rapid establishment and coverage on slopes; however, the 
percentage green cover of all slopes dropped significantly by >50% from wet to dry 
season. Naturalness was achieved by native invasion. 
i 
Experimental panels were established on campus using 2 common techniques 
as the basis of the study. The panels were designed to elucidate the effects of 
substrate thickness, different management intensities, and species used for 
revegetation on nutrient dynamics and water flux on slopes. The study was carried 
out from August 2003 to April 2004 where the physical and chemical properties of 
substrates, in situ moisture contents, and vegetation performances were investigated. 
Substrates were highly heterogeneous both physically and chemically. Grasses 
established rapidly on slopes in response to adequate supply of water and nutrients; a 
hundred-percent green coverage was observed in the third week of hydroseeding. 
Green coverage was low in dry season despite the high mineral nutrients contents in 
substrates; water was the dominant factor affecting performance of the vegetation on 
engineered slope. The in situ water content was found to be closely related with 
rainfall. Thin substrates reduced moisture content and greenness. The 9-month study 
did not allow differentiation of management intensities (irrigation and trimming) to 
take effect on slope performance. Longer maintenance and monitoring should be 
employed. All transplanted species in trial were unable to survive due to desiccation 
of the substrate; only Mimosa pudica recovered in March. 
This research filled the knowledge gap of water and nutrient behavior in the 
semi-natural slope environments which are relevant to developing a sound 
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Hong Kong is one of the most densely populated cities in the world. Since 80% of 
its land is mountainous (Greenway, 1990), there is insufficient land to meet the needs for 
city growth. According to a study done in 1997, about 65% of Hong Kong's slopes are of 
gradient greater than 15°, and more than 30% steeper than 30° (Lee and Chen, 1997). In 
order to reduce the problem of limited space, many of the hill-slopes are either cut or filled 
for development. 
There are about 300 landslides in Hong Kong per year. The numerous man-made 
slopes in the locality are under adverse climatic conditions that make them easily 
deteriorate and in time become unstable and collapse, causing injury to the public, damage 
to properties and disruption to normal life (CED, 2002). Brand et al. (1984) find that most 
landslides on man-made slopes are located in urban areas, and their distribution is 
related to prolonged rainfall (So, 1993), hydrogeological regime, topography, construction 
activities, inadequate slope maintenance and poor design (Wong et al., 1998). Thus, our 
location in the subtropical region with an average annual rainfall of 2,214 mm, and a 
maximum daily record of more than 500 mm (HKO, 2002), make slope stabilization 
works a great priority in the territory. 
About 57,000 sizeable man-made slopes are presently registered at the Hong 
Kong Geotechnical Office (GEO, 2004). The Office, under the Civil Engineering 
Department, has implemented an accelerated Landslip Preventive Measures (LPM) 
programme with two aims: (1) to ensure safety of slopes by stabilizing with shotcrete or 
soil nails, and (2) to beautify the slopes, by making the finished slopes look natural and 
to minimize their visual impact. 
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1.2 Trends in slope design 
Safety has been the primary consideration in the local slope engineering industry, 
resulting in a heavy dosage of cemented slopes through soil nailing, shotcreting and 
previously chunaming. Soil nailing is an engineering measure whereby nails are drilled 
and grouted into the slope to reinforce the soil. Shotcrete (a mixture of cement, fine 
particles and aggregate ^ 1 0 mm) has gradually replaced chunam (soil, lime and cement) 
as it can be applied more quickly at a lower cost. With a low water:cement ratio, it is 
more impermeable and durable than chunam plaster (GEO, 2000a). Where properly 
constructed and maintained, a shotcrete cover is beneficial for slope stability because it 
inhibits infiltration of water into a slope and provides protection against surface erosion 
(GEO, 2001b). However, these hard landscaping treatments are highly unattractive 
(Greenway et al., 1984) in comparison to vegetation, which has higher visual acceptance 
and ecological benefits. 
A survey by the Hong Kong Institute of Asia-Pacific Studies, the Chinese 
University of Hong Kong (GEO, 2001b) shows that 82% of the interviewees considered 
safety of a slope to be the highest priority, yet about 60% expressed that appearance of 
the slope is important. The growing awareness of the unpleasant environmental aspects 
of chunam and shotcrete, coupled with improving technology for greening slopes in 
recent years, has stimulated an increased use of vegetated slopes (GEO, 2000a). More 
than 700 slopes have completed revegetation under the LPM programme since 1999 at 
an average annual cost of 1.5 billion HK dollars\ 
The Geotechnical Manual for Slopes (GEO, 2000a) makes it clear that vegetating 
slopes is the preferred option for slope stabilization; shotcrete or hard landscaping 
treatments should be the last resort when other techniques are not practicable. 
Combination of hard and vegetative treatments may sometimes be advantageous. Under 
circumstances where use of shotcrete is unavoidable, maximum effort should be made to 
retain existing vegetation and to plant trees and climbing plants into pits across the slope 
(GEO, 2000b). 
As stated in the Technical Circular No. 25/93 (Works Branch, 1993), slope 
designs should consider stability, cost and maintenance requirements in addition to 
‘Best Landscaped Slope Awards. Sing Pao Daily News. 13/07/2003. 
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aesthetic aspects, which aim to improve overall visual quality. Thus a balanced slope 
design involves both engineering and aesthetic inputs. 
1.3 Bioengineering practices 
A landscape treatment is used to enhance the appearance of a slope, either by soft 
or hard landscaping works, or by a combination of both. Soft landscape treatments 
involve the use of vegetative cover through hydroseeding and planting to give man-
made slopes a more natural appearance. Hard landscaping refers to the use of "mineral 
based surface finishes or claddings such as stone pitching sprayed concrete, concrete 
panels or even steel or plastic claddings" for stabilizing slopes (GEO, 2000c). As 
previously mentioned, hard structures are generally unattractive, and thus vegetated 
slopes are attracting more interest (Greenway et al, 1984). 
The most common forms of soft landscaping in Hong Kong are hydroseeding, 
hydromulching and fiber-reinforced soil. These methods are bioengineering techniques, 
defined as the use of living vegetation and/or plant materials to stabilize slopes and/or 
reduce erosion (Gray and Sotir, 1996), and are applied to fulfill slope beautification, the 
second mission of the LPM programme. 
Hydroseeding is performed by suspending seeds in an aqueous mixture of water, 
soil stabilizers and fertilizers. Very often, high bulk straw and peat are introduced into 
the slurry to reduce the probability of movement of substrates and to prevent desiccation 
(Bache et al, 1984). Hydroseeding is the simplest and cheapest form of bioengineering 
and has been widely used in Hong Kong since the late 1970s (GEO, 2000b). 
Hydromulching is a relatively new technology of increasing interest whereby seeds are 
applied in an aqueous suspension of organic mulch materials (high bulk straw and peat) 
to form a self-sustaining vegetative layer. This is either sprayed directly or prepared off-
site in mulch pads and then anchored onto slopes. Fiber-reinforced soil is another new 
technique whereby fiber threads are weaved into the soil layer, and seeds are later 
hydro seeded on top (HK Construction Ltd., 2004). According to an unpublished database 
compiled by the GEO (2003c), the hydromulching technique accounts for about 56% of 
all the bioengineered slopes by then, while hydroseeding and fiber-reinforced soil make 
up 20% and 3% of the total respectively. 
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The various techniques for bioengineering slopes usually adopt a common 
species mix of Common Bermudagrass (Cynodon dactylon), Bahiagrass (Paspalum 
notatum), Perennial Ryegrass (Lolium perenne) and several shrub species. Grass is the 
dominant species used due to its rapid establishment (full coverage within 4 weeks under 
ideal growth conditions) that provides instant protection to the surface soil or substrate 
(Greenway, 1990). 
1.4 Factors affecting slope vegetation growth 
To ensure successful vegetation establishment, adequate water and 
macronutrients are the essential basic requirements. Drought and deficiency of nutrients 
are the main factors restricting plant establishment (Sheldon and Bradshaw, 1977) and a 
sufficient volume of organic soil is also important for root development and for the 
sustainable supply of water and nutrients (GEO, 2000b). On an engineered slope of steep 
gradient, the thin layer of free draining soil is often moisture-stressed and of low fertility 
(Ashcroft, 1983). 
Hsu et al. (1983) mention that plant physiology, such as the maintenance of cell 
turgidity, metabolism, and the uptake of nutrients in soluble form, is directly affected by 
moisture content of the growth substrate. Water not only chemically alters mineral 
constituents through fixation, but also changes bulk densities of the growth substrates 
(GEO, 2000a). 
Nitrogen (N), phosphorus (P) and potassium (K) determine vegetation growth and 
are often limiting in tropical soils. The productivity of most ecosystems, including semi-
natural systems such as those on slopes, is limited by the availability of nitrogen. However, 
plants require large amounts of this element and respond quickly to an increase of it in soil. 
With adequate supply, nitrogen stimulates root growth and development and encourages 
aboveground vegetation growth. Phosphorus is second to nitrogen in importance. It 
enhances plant physiological development, including photosynthesis, nitrogen fixation, 
flowering, fruiting, maturation and root growth, particularly lateral root development. 
Potassium is often locked up in the form of insoluble minerals and thus unavailable to 
plants absorption. Plants rely on potassium to strive against environmental stresses -
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improve drought tolerance and cold hardiness, and to have better resistance against certain 
fungal diseases (Brady and Weil, 1999). 
The growth substrates used in the local bioengineering industry are either soil or 
mulch or a combination of both. The use of local soils, mainly decomposed granite (DG), 
can pose a threat to vegetation as a result of strong acidity, highly variable organic 
carbon, total and mineral nitrogen contents, and low levels of exchangeable cation (Chau 
and Marafa, 1999). Properties of mulch, on the other hand, are heterogeneous as sources 
of the material are often diverse. 
1.5 Conceptual framework of the study 
The presence of numerous hill slopes in Hong Kong makes slope stabilization work 
an important issue in the territory. To acknowledge the importance of a green living 
environment, the LPM programme has been recreated to ensure that slopes are both safe 
and visually comfortable. 
The recent "Best Landscaped Slope Award" campaign that encouraged both the 
government and private sectors to beautify slopes illustrated the increasing awareness of 
slope beautification. However, the costly projects focused more on visual outcomes than on 
restoring both ecological and aesthetic functions. Although slope bioengineering has been 
practised since late 1999, no evaluation of the strengths and weaknesses of each technique 
has been made as projects are undertaken by different government departments. A 
scientific study is thus essential to evaluate and produce a framework for sustainable slope 
bioengineering. 
Figure 1.1 shows the conceptual framework of the study, outlining the major 
limitations of present techniques that trigger the study. The study area includes both the 
physical conditions of slopes, chemical properties of substrates, and species used for 
revegetation. 
Hard structures, visually unnatural, are used to reduce rainwater infiltration and 
prevent erosion; however, they are vulnerable to deterioration as a result of temperature 
change and wetting-drying effects (GEO, 2000a). A vegetative cover is preferred due to 
its ability to overcome the problem of being visually intrusive and susceptible to erosion. 
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When well-established, vegetation provides stability through the roots' actions of depleting 
soil moisture and binding soil particles (Coppin and Richards, 1990). Shotcrete, in this 
respect, has the advantage of providing instant stability as its slope surface becomes 
impervious to water (Greenway，1989) and reduces the risk of instability caused by water. 
Although shotcreting offers this advantage in ensuring safety, it does not favour 
vegetation establishment on its surface. With the hard shotcrete layer between the growth 
substrate and the underlying slope materials (either soil or rock), roots are confined to the 
little space of the growing medium. This restricts root development and affects plants 
absorption of water and nutrients, as well as anchorage. 
Evaluation of bioengineered slopes in Hong Kong 
T r 
Limitations of present slope bioengineering techniques 
^ Growth medium Species selection 
Conflict between (substrates) 
slope safety and ^  
beautification | Grasses, shrubs 
Z or trees Compaction  
i j 
Growth performance on Native or exotic 
shotcreted and intact soil ~ , ； -r—  
1 r Water and nutrients-
slope surface …，. . 




+ + + 
Water and nutrients Suitable substrates and Sustainable 
behaviour in semi- species for slope management 
natural environment revegetation strategy 
Fig 1.1 Conceptual framework of the study 
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As indicated in GEO's slope manual (2000b), soil depth affects the amount of 
water available for plants and determines how quickly a slope will dry out. The presence 
of a distinct wet and dry season in Hong Kong with about 80% of rain falling between 
May and September (So, 1993) makes moisture stress an important issue for vegetation 
growth on slopes. However, the thickness of growing medium above the in situ soil or 
shotcrete is often limited to approximately 75-150 mm. This stressful condition of 
restricted rooting of vegetation and storage capacity of water and nutrients in the layer is 
further aggravated by the erodibility of substrates on slopes (Hill and Peart, 1999). 
Identification of self-supportive substrates can therefore contribute to vegetation 
performance. 
Mulches used as a vegetation base have a high C:N ratio due to the high content 
of carbon-based materials such as peat moss and straw. In Hong Kong, fertilizers are 
only applied during the initial stage of hydroseeding or hydromulching with no follow-
up input onto the slopes. The continual uptake of mineral nutrients by plants maintains a 
large carbon-nitrogen ratio that lowers decomposition rate (Brady and Weil, 1999). 
Micro-organisms in the substrate will then compete with the plants for soluble nitrogen, 
which further reduces the bioavailability of nitrogen to plants. This makes continuous 
monitoring of slope chemistry important. This study, by analysing the essential minerals, 
such as nitrogen (N), phosphorus (P) and exchangeable cation concentrations on slopes, 
sheds light on methods for maximizing nutrient-holding capacities of substrates for the 
revegetated species. 
It is critical to use suitable revegetation species to enhance bioengineering 
performance, especially ones that can tolerate a variety of stressful conditions such as 
heat, drought, shade, and unfavorable soil conditions (Barker, 1994). GEO's "Technical 
Guidelines on Landscape Treatment and Bio-engineering for Man-made Slopes and 
Retaining Walls" (GEO, 2000c) stipulates that selected plant species should have 
minimum long-term maintenance requirements and be able to provide opportunities for 
natural habitats to develop in order to achieve the most environmentally beneficial 
solution. Selection of species is also confined by the physical conditions of the slope. 
The guidelines states that slopes gradient should determine the type of plants to be used; 
for instance, shrubs and/or trees can be used on gradients less than 35° while on slopes 
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greater than 55°, only grasses or creepers should be used accompanied by a geosynthetic 
mat. 
Grass and groundcover plants are often specified as a landscape treatment as a 
minimal measure to give an almost immediate green effect (GEO, 2000b). Exotic 
grasses, namely Bahiagrass and Common Bermudagrass, are predominantly used for 
slope bioengineering due to their high survival rate, rapid growth and the commercial 
availability of seeds. Both Bahiagrass and Common Bermudagrass are warm-season 
turfgrasses that are widely used, not only in Hong Kong, but also throughout the whole 
warm humid, tropical and subtropcial region (Beard, 1973). Due to their intolerance of 
soil temperatures below 50°F, winter hydroseeding with a cool-season grass, Perennial 
Ryegrass, to maintain a green coverage is practised in high amenity sports fields. 
However, the common species mix has a very varied performance from site to site and 
its performance has not been evaluated. Winter overseeding on bioengineered slope is 
costly and undesirable. 
Similar to other hard landscaping slope works, soft landscape treatments should 
be of low or no maintenance. Plant species that demands a lot of trimming or dry season 
watering should be avoided (Works Bureau, 2000). Given the recurrent cost of 
maintenance, including grass cutting, weed clearing, fertilizer application and in 
particular watering, it should be a key objective in planting design to minimize long-
term maintenance requirements for slope landscape works (GEO, 2000b). In view of the 
large number of slopes in the territory, efforts should be made to lessen long-term 
expenses, and thus guiding rules for a low cost and ecologically practicable management 
framework should be developed. 
1.6 Objectives of the study 
Techniques of slope bioengineering have only been adopted in Hong Kong since 
late 1999, and many technologies are yet under trial. To alleviate the limitations of 
present techniques, particularly on substrates, and to enhance management in the 
territory, the objectives of the present study are fourfold: 
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1) To evaluate some commonly adopted slope bioengineering practices in Hong Kong, 
with special emphasis on properties of substrates and vegetation performance; 
2) To investigate the soil moisture and nutrient dynamics of selected growth substrates 
of bioengineered slopes; 
3) To identify suitable, low-maintenance, native species for slope revegetation; and 
4) To develop a viable slope management strategy, with special emphasis on sustained 
vegetation growth. 
1.7 Significance of the study 
With the numerous slopes in close proximity to public access and the huge costs 
spent on slope revegetation in recent years, there is an urgent need for academic studies 
to evaluate the performances and determine guidelines for developing a cost-effective 
and sustainable slope design and framework. 
The physical and chemical properties of supporting growth medium are crucial to 
the performance of vegetation on slopes. Re-vegetating slopes with adaptable and 
compatible species may still fail if water and nutrients are inadequately supplied. Plants 
that can tolerate adverse environmental conditions while allowing natural invasion are 
identified to give a diversified appearance. To achieve low post-establishment input, a 
priority in choosing appropriate bioengineering techniques regarding species mix and 
management practices is outlined. 
This research, therefore, should fill the knowledge gap of water and nutrient 
behavior in semi-natural slope environments; identify suitable substrates and species 
mixes for slope revegetation that are visually acceptable, sustainable, and cost-effective; 
and develop a sound management framework for slope bioengineering in Hong Kong. 
1.8 Organization of the thesis 
This thesis consists of seven chapters. Chapter 1 introduces the background 
information about the status of slope bioengineering in Hong Kong and outlines the 
conceptual framework of the study. Chapter 2 is a literature review on the various 
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bioengineering techniques adopted both locally and internationally. Factors affecting 
and constraining vegetation growth in semi-natural environments are also discussed. 
Nine selected bioengineering techniques that have been adopted in Hong Kong 
since 1999 are chosen for an investigation of their physical and chemical substrate 
properties and vegetation performance. This information is presented in Chapter 3. Trial 
slopes were set up for this study and Chapters 4 and 5 describe the nutrient dynamics 
and water availability in relation to vegetation growth and requirements. 
Chapter 6 is an integrative discussion, based on observations and laboratory 
findings of present bioengineering techniques, to pinpoint common problems and to 
suggest potential solutions. The final chapter, Chapter 7, draws conclusions on the 






Hong Kong is located at China's southern erosion region characterized by steep 
slopes, high rainfall intensities (Hill and Peart, 1999), and wet subtropical climate with 
periods of dry temperate winter (Greenway, 1989). As most of its mountainous land 
has been modified into steep cut slopes as a result of development, the Geotechnical 
Engineering Office started the Landslip Preventive Measure (LPM) programme since 
1976 to stabilize slopes. The past stabilization measures were mostly hard surface 
coverings as limiting infiltration is the top priority (GEO, 2000a). A survey was 
carried out by the Hong Kong Institute of Asia-Pacific Studies of the Chinese 
University of Hong Kong in 2001. The study revealed that about 82% of the 
interviewed engineers consider safety as foremost importance despite the 60% 
agreeing with the value of visual attraction (GEO, 2001b). 
As early as the 1970s when the Po Shan Road and Sau Mau Ping landslides took 
place , slope stabilization has incorporated greening concepts by cutting slopes into 
terraces, and filling concrete sections with soil and grass -- "an attractive solution that 
form a plain grassed slope from a distance" (Wood, 1981). This is the beginning of 
slope bioengineering in Hong Kong, either by soft or hard treatments or by a 
combination of both. Large number of slopes originally covered by unpleasant 
chunam coverings are revegetated using advanced slope bioengineering technologies 
(Works Bureau, 2000; Evans and Lam, 2003). This increasing popularity is achieved 
by hydroseeding of grasses and later added with shrubs and trees to attract and 
stimulate natural succession for the best visual fit with the surrounding landscape 
(Greenway et al, 1984; GEO，2001a). 
2 After a heavy rainfall on June 18, 1972, a hillside above Po Shan Road, the Mid-Levels area on Hong 
Kong Island collapsed. The incident buried a 13-storey apartment building and 67 lives. On the same 
day, a man-made slope at Sau Mau Ping also collapsed, killing 71 people in a densely-populated hutted 
resettlement area (Wood, 1981). 
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The objectives of the LPM programme are minimum impacts on existing 
vegetation; harmonization with the surrounding landscape and topography to achieve 
naturalness and simplicity; mitigating visual impact with aesthetic value; and 
contributing to environmental sustainability. Considerations are different for slopes in 
urban and rural areas (GEO, 2000b) as characteristics of the surrounding ~ the 
landform, colours, and textures are different. Visual importance, a function of the 
number of people who will see the slope per day, and peoples' sensitivity to the view 
also differ. 
2.2 Slope bioengineering practices 
Road-side slopes are abundant in dense cities. The construction of these slopes 
usually removes topsoil and vegetation, leaving behind unaesthetic barren slopes that 
are difficult to re vegetate (Paschke et al, 2000). Bioengineering, the planting of 
vegetation to improve slope stability, minimize slope erosion and enhance landscape 
value (Bayfield et al, 1992; Brown, 1994) is thus employed to improve slope 
durability, diversity, and amenity. The term is similar to engineering biology, soil 
bioengineering, biotechnical stabilization, natural construction and ecoengineering 
(Barker, 1994). One of the ultimate goals of bioengineering is to achieve biodiversity. 
Vegetation, other than greening slopes, also serves as surface protection through 
reducing raindrop impact, runoff volume and velocity (Coppins and Richards, 1990). 
In addition, vegetation modifies soil water regime by intercepting rainfall and 
evapotranspiration, and absorbing water by its roots (Bayfield et al., 1992). These 
phenomena reduce soil moisture content and thus increase slope stability. Ecologically, 
the presence of vegetation modifies soil microclimate by reducing variations in soil 
temperature and moisture. The condition helps support further invasion and vegetation 
growth (Coppins and Richards, 1990). Lee (1985) suggests that vegetation is 
multi-functional, visually attractive, relatively inexpensive, self-repairing, and does 
not require heavy equipment for installation in comparison to rigid slope stabilization 
measures. Although the time lag between planting and development of functional root 
systems can be as long as 5 years (Barker, 1994), revegetation is yet beneficial in 
visual mitigation and erosion control. 
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The commonest method for slope bioengineering is hydroseeding (Bayfield et al, 
1992), in which seeds, fertilizers, mulch, and water are mixed and jetted onto slopes. A 
fairly good coverage of above 50% is achieved after a few weeks. Mulches are often 
applied on soils for temporary protection of erodible surfaces and to enhance 
vegetation establishment by protecting against splash erosion, retarding runoff, 
trapping sediment and creating amenable microclimate that moderates temperature 
change, reduce evaporation and conserve soil moisture (Bache and MacAskill, 1984). 
Mulch creates ideal conditions for plant growth and has evolved into a relatively new 
technique — hydromulching, whereby slurry of mulch, seeds, fertilizers, soil binders, 
fibre, tackifiers are sprayed onto slopes. Other slope bioengineering methods widely 
used on soil slopes include live stacking, brush-layering, vegetated geogrids or 
gabions, and turfing (Bache and MacAskill, 1984; Gray and Sotir, 1996). 
Species used for revegetation should fulfill desired functions and balance in 
response to changing environmental conditions (Coppin and Richard, 1990); and 
should also be able to tolerate nutrient-poor soils, resist drought or water stress, not 
develop into invasive weeds, and help maintain fertility (Brown, 1994). Grass is often 
the chosen fast-growing pioneer species to protect slopes against erosion and is mixed 
with legumes to provide long-term nitrogen supply (Gray and Sotir, 1992). A 
combination of seeding grasses and transplanting shrubs especially with rhizomatous 
growth form is suggested by Paschke et al. (2000) as an optimal way to maintain 
species diversity and structure. Native species are less visually intrusive (Gray and 
Sotir, 1992), but their seeds are difficult to collect and germination rate is rather low. 
Commercial exotic species that serves pioneer function (Florineth, 1994) are thus 
employed in most projects. Many studies have proved that exotics can be gradually 
colonized by native species (Hobbs and Huenneke, 1992; Kershaw et al, 1994; Burke 
and Grime, 1996; Greipsson and El-Mayas, 1999), especially in southeast Asia that 
hosts huge indigenous plant species diversity and where climate favours rapid 
vegetation growth (Barker, 1994). However, does this also happen in the dense urban 
setting of Hong Kong that has limited surrounding vegetation to provide sources for 
native invasion? 
Bayfield et al. (1992) show that failures in hydroseeding are result of soil erosion 
prior to seed germination, inadequate moisture, uneven spraying, inappropriate 
fertilization, soil acidity, infertile seeds, and chemical suppression of seed germination 
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due to fertilizers, mulch or tackifier. In order to ensure plants can establish and remain 
self-sustaining, aftercare in the early years of revegetation is recommended by Coppin 
and Richard (1990) on refirming, fertilizing, trimming, and weed control. In addition, 
there is a need to identify indicators or thresholds of plant performance to prevent 
failure (Bayfield, 1994). Although low maintenance or maintenance-free species or 
techniques are most preferred in the slope bioengineering field, suitable management 
and maintenance are beneficial to the long-term revegetation success (GEO, 2000b). 
What is then the minimum and most cost-effective management plan for slope 
bioengineering? 
2.3 Local Techniques 
Man-made slopes in Hong Kong are registered at the Slope Information System 
maintained by the Geotechnical Engineering Office. Slope bioengineering projects are 
managed by the Highways Department, the Agriculture, Fisheries and Conservation 
Department, Architectural Services Department, Drainage Services Department, 
Hospital Authority, Housing Authority, Water Supplies Department, 
Kowloon-Canton Railway Corporation, Mass Transit Railway Corporation, 
universities and private parties (GEO, 2000b). Although the projects are diverged 
under different departments, the GEO has made effort to compile all related data into a 
database, which supplements this study with important background information. 
The choice of surface protective cover for man-made slopes is a critical 
consideration for stability, maintenance and visual impact (GEO, 2001b). The 
common types of surface cover are vegetation and sprayed concrete (commonly called 
'shotcrete'). As compared with shotcrete which is visually unattractive, vegetation is 
visually and ecologically beneficial and less heat-reflective. However, it takes time to 
establish and is less effective than shotcrete in preventing water infiltration and surface 
erosion. At present, the majority of hard landscaping treatments used before 
revegetation are shotcrete and soil nailing. Shotcrete has almost replaced the less 
durable soil-cement plaster 'chunam', whose effectiveness in preventing infiltration 
decreases with age (GEO, 2000a). Soil nailing is an earth reinforcement technique to 
increase slope stability on both natural and cut slopes (Nishigata and Nishida, 1999), 
and is later employed with hydroseeding. This procedure is increasingly popular for 
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stabilizing and greening steep cut slopes. A GEO review (2001a) reports that soft slope 
treatments only constitute 15% of all inspected slopes; hard landscaping treatments 
make up 26% and shotcrete was found on 50% of the slopes inspected. Although the 
use of hard structures provides structural stability to slopes, they easily deteriorate and 
require renovation in several years (Ng, 2003). Grass is the increasingly usual cover on 
steep slopes, and has shallow (less than 0.5 m) root systems while shrubs and small 
trees can be used on less steep slopes with developed root systems of up to 2 m in 
depth (Evans and Lam, 2003). It is relatively easy to plant vegetation on soil slopes 
inclined up to an angle of about 35° (GEO, 2001b) while on steeper soil slopes, 
vegetation can still be planted but the overburden may result in increased surface 
erosion. If the inclination is greater than 55°, it is generally more difficult and much 
more expensive to construct a stable vegetation cover by conventional methods. The 
optimum planting season for grasses in Hong Kong is from March to May as 
temperature and rainfall are more favourable for vegetation establishment. When 
frequent watering is provided, revegetation work can be done outside the favourable 
season (GEO, 2000a). 
The basic seed mix recipe for the hydroseeding in Hong Kong includes 15 g/m 
Bermudagrass {Cynodon dactylon) and 15 g/m Bahiagrass (P asp alum notatum). 
When projects are carried out in winter, 10 give? Perennial Ryegrass {Lolium perenne) 
is added to accelerate establishment. According to Beard (1973), Common 
Bermudagrass is a long-lived perennial originated in eastern Africa. It grows very 
vigorously and aggressively. It is characterized by a creeping growth habit that 
exhibits high sod density, and a fibrous roots system that is extensive and deep. The 
grass has excellent heat hardiness, drought tolerance, rate of establishment and 
recuperative potential, and is adaptable to low moisture and wide range of soils (pH 
5.5-7.5). However, it performs very poorly in shades with discoloration and minimal 
growth under waterlogged conditions; it also requires medium to high maintenance, 
particularly trimming. Bahiagrass is from the subtropical, eastern South America. It is 
a prolific seed producer and germinates slowly from seeds with growth form of erect 
and tough stolons and rhizomes, and roots are fairly deep and very extensive. It has 
good shade tolerance, excellent drought resistance, and recuperative rate from drought 
and adapts to a wide range of soil, particularly droughty, coarse-textured, infertile 
sands. Maintenance costs are minimal due to low quality and low intensity of culture. 
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The cool-season grass, Perennial Ryegrass, is native to temperate regions of Asia and 
North Africa. It shows good shoot density and uniformity, grows in noncreeping 
bunch-type and root system is fibrous. Seed germination, establishment and vertical 
leaf extension are rapid and is best adapted to cool moist regions but not very drought 
tolerant. Partial shading, neutral to slightly acidic soil of medium to high fertility is 
beneficial to its growth. Although it is adapted to medium fertility and moisture, it 
requires irrigation during prolonged drought and higher fertility level lowers tolerance 
to environmental stress. It dies out in hot humid summer in Hong Kong. 
Hydroseeding is the cheapest measure for slope bioengineering at a cost of 
HK$50/m ； and shotcrete, which is visually intrusive in comparison to vegetation, 
costs HK$350/m (GEO, 2001a). The use of common grass mix costs about $10— 
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1000/m but shrub may increase costs by $ 6-10/m (HyD, 2003). There are about 26 
proprietary techniques for slope bioengineering in Hong Kong (GEO, 2003c); 
properties of several dominant techniques are summarized below and their costs vary 
from $300-$ 1,500 per square meter. Detailed specifications are given in Appendix 
2.1. 
Biodrains — Vetiver Grass 
Vetiver Grass (Vetiveria zizanioides) is a deep-rooting plant species designed 
for dense planting to stabilize surface soils and control erosion. It is widely used 
along highways in Hong Kong. Yoon (1994) records die-backs on more shaded 
areas although overall performance is acceptable. It is recommended by Yoon (1994) 
that the species should be planted at 15-cm intervals for rapid establishment as a 
functional hedgerow. 
Geofiber 
Geofiber is originated in Japan, a technology whereby sand and continuous 
fiber are jetted together to form a fiber-reinforced soil base (HK Construction Ltd., 
2004). Organic blocks of slow-acting fertilizer (N:P:K 15:15:15) are placed at 
intervals to provide nutrients that aid establishment and development. A vegetation 
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base mixture of peat moss, bonding agent of synthetic resin, slow-release fertilizer, 
and grass seeds, is then sprayed on the fiber-reinforced soil base. 
Nam Fung Yuen (NFY) Mulching System 
Hydromulching, the application of an organic surface treatment in an aqueous 
suspension by pressure spray to form a self-sustaining vegetative layer (GEO, 
2000c), has evolved into different propriety products. NFY Mulching System uses 
this concept with PVC coated mesh to anchor the mulching panels onto slopes. The 
mulch is composed of soil conditioner, fertilizer, water-retaining additive and seed 
mix. Revegetation is achieved through hydroseeding or pit-planting (NFY Ltd., 
2004). 
ON Method 
ON Method is also originated in Japan, by using a plant cultivation base of 
urea-hydrophilic resins, peat moss, bark compost, slow-release nitrogen fertilizers 
and alkali-neutralizing agent to support grass growth and subsequent invasion 
(Pegasus Greenland, 2004). The plant cultivation base is 6-10 cm thick and uses 
cement to adhere the base to the non-soil surface. 
TOYO-Mulching 
Toyo-mulching is a system consisting of organic mulch materials as the 
growth medium and a biodegradable erosion control mat to reduce erosion. It is 
able to stand on steep soil slope with a gradient of up to 75° or gentle non-soil slope 
up to 60� . The organic components include peat moss, wood chip compost, 
chemical fertilizers, polymer granules, bonding agent and germination stimulator. It 
is highly organic and light in weight (Toyo Greenland Ltd, 2004). The system 
supports planting of grass and groundcovers, very often Wedelia trilobata, on 
non-soil slope surface. Its selection of suitable plant is based on low maintenance 
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and full coverage vegetation throughout the year, and watering is maintained during 
the first month of establishment (GEO, 2001a). 
Other common technologies 
Instant Evergreen System, Rocksgrass and Secumat Multi Layer are also 
common bioengineering techniques adopted in Hong Kong. Brief descriptions are 
generalized based on communication with slope bioengineering professionals and 
personal observations in the absence of official information. Instant Evergreen 
System incorporates soil with mulch to form panels that are planted with exotic 
groundcovers. Rocksgrass is a hydroseeding technique using sandy soils as the 
vegetation base overlaid by a porous polythene mat held tightly to the slope surface. 
Secumat Multi Layer is a cellular structure that confines soil on slopes in grids and 
with geotextile on surface to prevent erosion. 
With a bloom of slope greening projects in the territory, a performance evaluation 
on the various techniques are essential for future selection of appropriate proprietary 
products that are cost-effective and sustainable. Two reports were issued by the 
Geotechnical Engineering Office (2001a) and Highways Department (2003) 
respectively, with descriptive evaluation on compatibility with the surrounding 
environment. In general, Vetiver grass provides good green coverage but looks 
unnatural as grass is monoculture and integrates poorly with the surrounding; it also 
requires frequent trimming. Geofiber has good appearance and diversity by 
pit-planting shrubs and accepts invading plants. This technique allows additional soil 
depth although dry winter season dieback or browning still occurs. Instant Evergreen 
System is found to be unsuitable for irregular undulating slopes and the limited 
growing medium in isolated pockets make it susceptible to drying and thus fail in 
revegetation. Vegetation coverage on NFY- Mulching systems varied and is limited in 
naturalness as diversity is low and integration with the surrounding is poor. "ON" 
Method allows colonization and assimilates well with surrounding, although surface 
cracking is observed. Rocksgrass performed variably but often lack species diversity; 
performances on small or shaded slopes are particularly bad. Erosion is recorded on 
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Secumat Multi Layer slopes and species diversity is limited in the monotonous grass 
cover. Toyo-Mulching is visually good as Weclelia trilobata provides a lush green 
layer, but looks unnatural and lacks diversity in addition to vegetation failure on 
shaded areas. Despite all the evaluation done, no quantitative analysis on vegetation 
and substrates are carried out. 
As shown in the "Best Landscaped Slope Award" campaign, the present slope 
greening projects emphasize beautification more than ecological benefits that disagree 
with the ecoengineering goals as previously mentioned. In order to make revegetation 
self-sustaining and cost-effective, goals should proceed from beautifying to ecological 
functioning (Ng, 2003). 
2.4 Factors affecting performance of slope 
Performances of slopes are largely a function of vegetation establishment as 
measured in terms of coverage, diversity and naturalness (Hambler et al, 1990; Hobbs 
and Huenneke, 1992). It is suggested that the factors affecting successful revegetation 
are the physical steepness of the slope (Gray and Sotir, 1996), temperature, light, 
moisture and nutrients of the site (Ashcroft, 1983), and the nature of plant materials, 
particularly native vegetation. An engineered slope, however, typically creates 
conditions that limit revegetation - steep and thin soils, high degree of compaction, 
moisture stress, low soil fertility, and extreme soil surface temperatures. Morgan 
(1995) reports that revegetation of road embankments requires prior site analysis 
including soil tests on pH, nutrient levels, moisture status, salinity levels and toxins, as 
well as frequency of drought and water-logging, and differences in temperature and 
moisture between sunny and shady slopes. The success of hydroseeding depends on 
site characteristics, improved soil conditions, properties of hydroseeding suspension, 
correct choice of species, and prevention of seed loss through runoff or wind 
(Albaladejo Montoro et al. 2000). According to Wood and Morris (1990), emergence 
and survival of seedlings are influenced by microenvironmental parameters such as 
light availability and quality, surface microtopography and subsurface moisture, biotic 
influences of competition and facilitation, and phenotypic traits of seed morphology 
and seed mass. 
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2.4.1 Species selection 
When selecting appropriate species for slope revegetation, a mixture of plant 
species is more favourable as prediction of success is often impossible by one species 
alone (Morgan, 1995). The monoculture of grass pioneers subsequent establishment of 
deeper-rooted shrubs and trees that are either planted or invaded. Although exotic 
grasses are unnatural and incompatible with the surrounding environment, they are 
selected for their vigorous covering and transitional purpose that allow invasion of 
native or surrounding species to cover the area (GEO, 2001a). It is intended that 
grassland will eventually become colonized by native shrubs and trees, and this is not 
considered detrimental to the protection it offers to the slope surface (GEO, 2000c). 
Merlin et al. (1999) choose three herbaceous species for revegetation on their 
hardiness and low nutrient needs, resistance to environmental adversities, and 
representation of colonizing species. One of them was a leguminous plant and as 
suggested by Roberts and Bradshaw (1985), more legumes should be used to add 
nitrogen in the long run. This is also practiced in Malaysia where leguminous creepers 
are planted for slope revegetation (Hill and Peart, 1999). Although legumes have 
lower growth rates than grasses (Elias and Chadwick, 1979) and nitrogen fertilization 
prior to seeding stimulates grasses but inhibits legume growth (Pichtel et al, 1994), 
their use is still advantageous for nutrient replenishment. 
The natural plant communities that exist in the surrounding area are the best 
guide to what type of planting is likely to be sustainable (GEO, 2000c). However, as 
seeds of native plants are difficult to collect, the use of fast-growing exotics is 
common to promote native plants establishment. Introduced species have an enhanced 
ability to capture elevated quantities of light and mineral nutrient resources and are 
often well-equipped with efficient dispersal mechanisms, rapid growth rate, and high 
reproductive output (Burke and Grime, 1996). The adaptability of ideal colonizers, 
mostly exotics, agrees with Grime (1979) and Morgan (1995) that they possess rapid 
growth, toughness, ability to compete with less desirable species, and adaptability to 
local soil and climatic conditions. Grime (1979) elaborates that plants with adequate 
competitive ability respond more rapidly to environmental changes; faster-growing 
species have faster rate of response and thus those with potential to regenerate upon 
damage during favourable condition are beneficial for colonization. Although rapid 
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growth rate is beneficial to plants during establishment, it causes problems of 
maintenance (Elias and Chadwick, 1979). Species with rapid growth rate requires 
more frequent trimming and greater supply of nutrients; hence pose stress on nutrient 
deficiency. Therefore, a balance should be maintained when choosing species with 
minimum long-term requirements (HyD, 2003) and good regenerative capacity. No 
universally applicable species are therefore available for all slopes (GEO, 2000a). 
2.4.2 Site characteristics 
Vegetation coverage and species richness, which contribute to slope performance, 
differ according to abiotic variables (Burnett et al., 1998). These abiotic factors or 
properties intrinsic to sites include steepness, aspect, roughness, slope materials, and 
degree of exposure to sun, wind and rain (Burnett et al., 1998; GEO, 2000a). Shading 
frequently decreases temperature and increases humidity; dry matter production is 
often small and plants are more slow growing in deep shades (Grime, 1979). 
Topography determines location of dry and wet sites through its effect on 
movement of water in soil (Morgan, 1995). Steepness not only limits the choice of 
vegetation, but also water storage (Cano et al., 2002). As angle of slope increases, 
higher percentage of ambient rainfall is lost through runoff than being absorbed 
(Heilliwell, 1994). Aspect also plays a role in affecting vegetation coverage (Paschke 
et al., 2000). In an experiment designed by Cano et al. (2002), changes in plant density, 
biomass, total plant cover, and seedling development are observed along different 
slope directions. This is a result of the varying amount and duration of solar radiation 
that in turn affects soil temperature and moisture content on slopes. Another study also 
finds a higher overall plant density on slopes that are less sunny and thus contain more 
water in the soil (Albaladejo Montoro et a., 2000). 
2.4.3 Physical properties of growth medium 
Soil structural limitations directly affects vegetation establishment (Landon, 
1991), and a good soil structure is a prerequisite to promote plant growth (Pagliai and 
Vittori Antisari, 1993). The limiting factors are restriction in root exploration volume 
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through compaction; restricted water uptake due to reduced water-holding capacity; 
loss of roots through movement of materials in unstable soils; surface crust that 
reduces infiltration and hinder germination and subsequent development of small 
seeds (Landon, 1991). 
Depth of existing and imported soil, together with the nature of the underlying 
substrate and the climatic condition of the site, affect the amount of water available for 
plants (GEO, 2000c). A greater volume of soil increases the chance of successful plant 
establishment as drying of soil is slowed. Shallow soil, on the contrary, is easily 
affected by diurnal changes in weather, such as evaporation, wind speed, solar 
radiation, rainfall and vegetation covers, and thus results in more pronounced 
browning. In addition, grass prefers soil of 300 mm in depth, although a minimum 
depth of 150 mm is acceptable as a result of reduced metabolic activity or dormancy 
(Heilliwell, 1994). Groundcovers, climbers, shrubs and trees require 300—600mm soil 
(GEO, 2001a). 
Soane (1990) reports a reduction in plant productivity and quality due to soil 
compaction. Excessive compaction induces increased runoff, soil crusting, retarded 
infiltration, decreased soil water storage, reduced nutrient and water uptake, 
accelerated denitrification, shallow and sparse plant rooting, more root diseases, and 
reduced shoot growth (Gibeault et al, 1989; Soane, 1990). Root restrictions are 
reflected in stunted and reduced vigour, pale foliage and usually patchy growth 
(Landon, 1991). Compactibility is also a function of soil texture, moisture content, 
aggregate stability and organic matter content (Soane, 1990). While wet soil favours 
compaction and soil structure damage (Allmaras et al, 1993), organic matter plays an 
important role in combating the problem by improving soil aggregation and enhancing 
aggregate stability. Compaction is further intensified in local slope bioengineering as 
most techniques adopted highly-pressurized hydroseeding or hydromulching to 
re vegetate slopes. 
Poor soil structure, low fertility, low organic matter retention due to steep 
inclination and desiccation can be improved by heavy mulching (Barker, 1994). 
Mulch, a common alternative to topsoil in slope bioengineering, is used to protect 
seeds during the mixing process, holds seeds in place, reduces surface erosion, 
improves moisture retention and modifies soil surface temperatures (Ashcroft, 1983). 
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The use of peat moss, leaf compost and other organic matter as mulch aids 
establishment of trees and shrubs (GEO, 2000a). An increase in application of mulch 
from 1,120 kg/ha to 3,360 kg/ha stimulates seed germination and reduces erosion 
(Ashcroft, 1983); and repeated applications increase soil organic matter (Khaleel et al., 
1981) and change physical and chemical properties of soils (Tester, 1990). The 
amount of organic matter is also positively correlated with phosphorus and potassium 
availability in soil (Montalvo et al., 2002). 
Nutrient availability is closely related to pH values of soil. In tropical region, 
nitrogen, phosphorus, potassium, calcium, magnesium, and sulphur become deficient 
in acidic soils of pH less than 5.5 (Landon, 1991). This acidity also reduces bacterial 
activity and thus decomposition and nutrient transformation in soils. Therefore, most 
plants prefer soil pH of 5.5-7, which provides optimal nutrient availability for growth. 
The ability of a soil to supply moisture to plants depends on moisture-holding capacity 
and the amount and periodicity of rainfall (Heilliwell，1994). A thick peat soil has an 
available water capacity of 200-300 mm/m as compared to only 100-145 mm/m in 
sandy soils. Soil water increases with elevated wood residue rate and significantly 
higher water content is observed in soils treated with 90 Mg/ha wood residual (Smith 
et al., 1985). This is a result of the reduced bulk density by organic amendments and 
their higher water-holding capacity that increases soil water content (Tester, 1990). 
2.4.4 Nutrients and fertilization 
Nutrient availability is often reduced in road-cut slopes (Chapin, 1983) but 
successful restoration requires sufficient nutrient supply to meet the needs of plant. It 
is suggested that soil fertility may be more important in revegetation than soil moisture 
availability (Sheldon and Bradshaw, 1977; Paschke et al, 2000). Under infertile 
conditions, fast-growing species are unlikely to survive due to their inherently high 
nutrient requirements (Campbell and Grime, 1989). Chapin (1983) and Huenneke et al. 
(1990) report the positive impacts of fertilization on germination, establishment, 
growth rates, competitive outcomes and biomass; and plants respond to nutrient 
addition by accelerated growth to maintain competitive advantage under favourable 
conditions. Nitrogen (N), phosphorus (P) and potassium (K) determine vegetation 
growth and are often limited in soil (Brady and Weil, 1999). 
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Productivity of most ecosystems, including semi-natural systems on slopes, is 
constrained by the availability of nitrogen (Bradshaw, 1999). This nutrient is required in 
great amount, particularly in grassland ecosystems (Bradshaw, 1999). Plants respond 
quickly to its increase in soil. McLendon and Redent (1991) find an increase in nitrogen 
availability even more important than water in structuring community dynamics and 
total cover. Plants use nitrogen as a building block for protein, nucleic acid and 
chlorophyll, and as a regulator of plants' carbohydrate use. An adequate supply of 
nitrogen stimulates root growth and development, and encourages aboveground 
vegetation growth, as indicated by deep green leaves (Brady and Weil, 1999). However, 
this nutrient is absent in soil minerals, although accumulates in surface soil mainly by 
biological fixation; and is highly soluble and leachable from soil (Ashcroft, 1983). Its 
importance leads to a norm in restoration to add nitrogen fertilizers and plant Ni-fixing 
species to improve soil nitrogen content for sustainable revegetation (Bradshaw, 
1999). 
Phosphorus is second to nitrogen in importance as a key element of cellular 
compounds and energy production (Brady and Weil, 1999). Adequate phosphorus 
nutrition enhances plant physiological development of photosynthesis, nitrogen 
fixation, flowering, fruiting, maturation and root growth. The nutrient is relatively 
insoluble, immobile and resistant to leaching (Smith et al., 1985) but reacts with 
aluminium and iron compounds to form complexes and become unavailable to plants 
(Ashcroft, 1983). The combined effects of deficiency in nitrogen and phosphorus are 
reported by Grime (1979), where obvious decrease in herbaceous plants growth rate 
and infrequent flowering are observed. The deficiency symptoms of nitrogen and 
phosphorus in grasses are stunted growth and red coloration (Montalvo et al, 2002); 
but with fertilization, vegetation biomass is substantially increased and invasion 
enhanced (Huenneke et al, 1990). 
Potassium is the third macronutrient limiting plant growth. It activates cellular 
enzymes responsible for energy metabolism, starch synthesis, nitrate reduction and 
photosynthesis; hence is essential for osmoregulation, protein synthesis, nitrogen 
fixation in legumes and for translocation of sugars. Plants rely on potassium to survive 
against environmental stresses, in particular drought tolerance, cold hardiness, and 
resistance to certain fungal diseases (Brady and Weil, 1999). Higher potassium content 
exhibits better turf quality as suggested by Grime (1979). 
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Fertilizers provide immediate source of nutrients that promote vigorous and 
complete grass cover (Bradshaw, 1999). Root and shoot growth are increased as 
nitrogen is raised from a deficiency level, leading to deeper roots and more vigorous 
top-growth. The addition of organic fertilizer in combination with mulch is most 
effective in improving vegetation cover (Paschke et al.，2000) by improving lateral 
root development and nodule formation (Roberts and Bradshaw, 1985). However, 
fertilization induces higher water usage as growth is stimulated (Gibeault et al, 1989); 
species richness and diversity decline as a result of competition for nutrient resources 
(Huenneke et al, 1990; Tilman, 1993). Repeated heavy fertilization is not 
recommended as it can lead to competitive elimination of low nutrient-demanding 
species by rapidly growing species (Chapin 1983). 
2.4.5 Water and irrigation 
In most grassland, water is a scarce resource and photosynthetic production is 
limited by both moisture, nutrient availability and sunlight (Winslow et al, 2003). 
Grasses need water for growth and development so soil moisture content must be 
sufficient for successful revegetation (Gibeault et al, 1989; Hillhorst and Toorop 
1997). Soil water availability is considered more influential than sufficient 
fertilization of nutrients, and water-holding capacity of a soil is more important than 
soil volume or depth (Winslow et al. 2003). Factors influencing soil water content 
include solar radiation, day length, wind, temperature, relative humidity, plant species, 
and cultural practices (Gibeault et al, 1989) and the balance depends on patterns of 
precipitation, interception in the canopy, throughfall, runoff and infiltration (Miller, 
1983). Precipitation regimes and soil texture produce different temporal and spatial 
patterns of exploitable water that dictates plant forms. Frequent light rains are more 
effective in wetting soils as heavy rains may not infiltrate into soil due to low 
permeability and high runoff. Mulching improves surface moisture conditions by 
retaining water and creating an environment analogous to frequent light rains (Miller, 
1983). 
Surface moisture has the strongest effect on seedling emergence and survival 
(Wood and Morris, 1990). Surface soils contain less moisture as evaporation at the top 
20-cm soil is higher. As vegetation develops, soil becomes increasingly shaded and 
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transfer of heat and water is reduced (Miller, 1983); the increase is also due to presence 
of plant roots that hold moisture and dense foliage reduces evaporation (Hsu et al, 
1983). Dry soil leads to more extreme ground surface temperature as wetter soil 
surface serves a stronger heat sink. 
Drought markedly reduces vegetation cover (Muzzi et al., 1997), and inhibits 
plant growth, causing subsequent wilting and death if condition persists (Beard, 1973). 
When plants wilt, leaves roll and turn grey to blue-green or slate in colour. A strong 
correlation between water availability and the abundance and distribution of plant 
species is reported by Nichols et al (1998). Tilman and El Haddi (1992) report that 
species richness of grassland is reduced by 37% during a drought while above-ground 
living plant mass is reduced by 47%. After drought, aboveground biomass is reduced 
by half and average species richness per plot by 37%; hence periodic drought has 
significantly limited prairie diversity. In addition, Ashcroft (1983) shows that a week 
without rain leads to failure in hydroseeding and dry season watering is required. Diaz 
et al (1997) also observe that highest plant biomass coincides with incidences of 
rainfall. Silvertown et al. (1994) find significant relationship between rainfall and 
vegetation: 1) biomass is significantly increased by rainfall especially on plots not 
receiving nitrogen; 2) grass growth is enhanced and thus shifted species composition 
with grass species being dominant; 3) rainfall controls competitive interactions among 
grass, legumes, and other species. The abundance of the three species is affected by 
preferential effect of rainfall on grass growth, and the competitive suppression of 
legumes and other species as grass growth increases. 
Hsu et al. (1983) find that the hydrological behaviour of grassy slopes is different 
from chunamed slopes (similar to a shotcreted surface). First, runoff water on chunam 
surface slope was abundant; among 52 rainfall events, 47 cases had runoff records. In 
contrast, runoff on the grass slope was seldom recorded. Nineteen percent of rainfall 
water became runoff water on chunam slope compared to 3.3% only on the grass slope. 
This is because chunam material is less permeable, and thus the surface of a chunam 
area becomes saturated much faster than uncovered slopes. In the case of a grass slope, 
most of the rainfall water may percolate and be stored in the surface and sub-surface 
layers of the slope. Only when rainwater saturates the topsoil layer will runoff occur. 
Second, an open area grown with vegetation has higher moisture content and less 
runoff in comparison to surface with impervious materials. Third, infiltration rate is 
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higher on grass surfaces and lower on chunam surfaces. Another factor affecting the 
hydrological condition of slopes is that when a relatively impermeable layer, as in the 
case of chunamed or shotcreted slopes, interferes with the vertical flow of infiltration, a 
perched water table is formed on top of the impermeable surface (Koo, 1997). This 
situation will cause water-logging after incidences of heavy rain. Water, being one of the 
essentials supporting plant growth, varies much on different slope surfaces. 
Plant characteristics related to water balance may differ between species in 
natural and disturbed communities (Miller, 1983). Species also differ in susceptibility 
to loss by drought depending on life history, life form and abundance (Tilman and El 
Haddi, 1992). Warm-season grasses use significantly less water through adaptation in 
reducing photosynthetic rate and cool-season grasses usually have higher transpiration 
rates. For instance, Bermudgrass has low water use rates (Gibeault et al, 1989); 
seedlings are more drought resistant than adult plants; and legumes are favoured by 
heavy infrequent rains with intervening dry periods which are unfavourable to grasses 
(Miller, 1983). Resistance to water stress can be achieved through dormancy, 
deep-rooting, and low rates of water use (Gibeault et al, 1989). However, water use 
increases when there is an increase in cutting height and nitrogen fertilizer, but 
decreases with reduced moisture content and less irrigation (Beard, 1973). 
When there is not enough precipitation to sustain minimal vegetation growth, 
supplemental water supplied as irrigation is required (Gibeault et al, 1989). The 
frequency and rate of irrigation is influenced by the kind of soil, rainfall, depth of root 
and rate of evapotransipiration and should be adjusted to avoid wilting (Beard, 1973). 
Frequency of irrigation is also governed by water-holding capacities of soil and its rate 
of depletion; and amount depends on moisture present, water-holding capacity and 
drainage of soils. Irrigation is only to aid establishment (Windsor and Clements, 2001) 
and is thus applied as infrequently as possible without runoff and to avoid the 
production of water dependent stands. The amount of water should be enough only for 
wetting the root zone as too much water causes leaching and impeded aeration. The 
most vigorous and healthy growth is achieved when watering is done at 40-60% of the 
available water being depleted. It is very important to note that water application must 
be sufficient to maintain performance of vegetation which can be merely grass 
survival (Gibeault et al, 1989). However, there are no guidelines for slope owners to 
trigger irrigation for sustaining vegetation survival. 
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2.4.6 Management 
Revegetation provides a low maintenance solution to site restoration, but the 
solution is not maintenance-free. Suitable maintenance programme during the first 
year is essential for long-term success (Ashcroft, 1983). Maintenance practices, 
essential for quality grass on slopes, include fertilizing, watering, trimming and 
probably weeding. However, high nitrogen fertilization and excessive irrigation 
decrease drought hardiness of grasses (Beard, 1973). As evaluated in the previous 
sections, timing and dose of fertilization and irrigation are critical to vegetation 
performance, but awaits further studies to set guidelines that balance both maintenance 
costs and vegetation growth. 
Trimming is done to prevent overgrow. It affects grass growth, root system 
development, and water use. Infrequent trimming and higher cutting heights lead to 
deeper rooting, longer grass leaves and thus higher water use rates. The optimal 
heights, hence, is to enhance root system and density yet allow efficient use of water 
resources (Gibeault et al, 1989). 
2.5 Summary 
There is a transformation of slope landscaping from hard surfacing to the 
integrated use of vegetation to attain visually attractive and ecologically sustainable 
environment. This is happening both in Hong Kong and around the world that leads to 
a rapid growth in slope bioengineering and has aroused great awareness in the 
effectiveness and performance of various techniques. 
Species selection is one of the biggest challenges in slope revegetation and there 
are common preferences for their environmental tolerances and rapid establishment 
(Coppin and Richard, 1990; Gray and Sotir, 1992; Brown, 1994; and Paschke et al, 
2000). Studies also cover the selection between natives and exotics, legumes and 
non-legumes, and grasses and shrubs. The use of natives is encouraged due to their 
compatibility and ecological sustainability, but they are often unavailable. While 
exotics usually allow native invasion to take place (e.g. Greipsson and El-Mayas, 
1999), their use is acceptable given that they allow colonization. Legumes or 
nitrogen-fixing species are highly recommended for use despite their slower growth 
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rates (Elias and Chadwick, 1979) and inhibition by nitrogen fertilizers (Pichtel et al, 
1994). They contribute to long-term nitrogen supply and are significant when effects 
of fertilizers are declining through time. The use of shrubs, after establishment of 
grasses, is also advised to add diversity and ecological value to the site. Yet, the choice 
and availability of species in the territory is very limited. More species, particularly 
nitrogen-fixing species and shrubs, should be discovered to enhance diversity and 
sustainability of slope revegetation. 
Apart from species selection, abiotic and managerial factors also play critical 
roles in the success of revegetation on slopes. These include the physical settings of 
the site, properties of substrates and management strategies, which contribute to water 




COMMON SLOPE BIOENGINEERING TECHNIQUES 
IN HONG KONG 
3.1 Introduction 
This chapter provides quantitative evaluation on the performance of various slope 
bioengineering techniques widely adopted in Hong Kong, with special emphasis on 
vegetation composition and the physical and chemical properties of substrates. 
About 400 steep slopes in Hong Kong have undergone slope bioengineering 
procedures since the implementation of the LPM programme in 1999. There are more 
than 20 techniques of slope bioengineering and all related information is compiled by 
GEO (2003). Among these techniques, ten are more commonly used, accounting for 
75% of all the bioengineered slopes (Table 3.1). Principles and information of the 
techniques have been reported in the previous chapter. 
Within the four years of technological development in slope bioengineering, only 
two descriptive reviews have been separately made by the Geotechnical Engineering 
Office (2001) and the Highways Department (2002). As monitoring of vegetation after 
establishment is crucial for successful ecological restoration projects (Andres and 
Jorba, 2000), there is an urgent need for quantitative analysis, especially on substrate 
properties and vegetation performances, for future selection of suitable techniques and 
optimal management strategies. 
This study investigated common techniques that are widely used and have shown 
potential for further trials according to expertise in the field. Since the GEO database 
(2003) has only become available last July, the full list of slope bioengineering 
technologies is not publicized at the time of selecting techniques and sites for this 
investigation. The selection was, thus, based on suggestions by slope bioengineering 
professionals, personal observation and site accessibility. 
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Table 3.1 List of common slope bioengineering techniques adopted in Hong Kong 
No. [Technique [ No. of feature 
” 1 l O e o f i b e r 11 
2 Hong Kong Mulching 9 
3 Instant Evergreen System 12 
4 NFY Hydro Mulching 98 
5 NFY Mulching Panel 39 
6 ON method 8 
7 Rocksgrass 32 
8 S ecumat Multi Layer 13 
9 Toyo-mulching 38 
10 Vetiver Grass 17 
Total: 277 (75% of total) 
(Source: GEO unpublished database, 2003) 
Seven proprietary techniques are chosen 一 Geo fiber, Instant Evergreen System, 
NFY Mulching System and Hydromulching, ON Method, Rocksgrass, and Toyo-
mulching. Biodrains (Vetiver Grass) was not surveyed as sites were too close to heavy 
traffic that made sampling difficult. Hong Kong Mulching and Secumat Multi Layer 
were uncommonly seen in preliminary field visits and were therefore not included. 
Another two more basic techniques, namely simple hydroseeding and cemented-soil, 
are selected for comparison against the 7 proprietary products. The basic recipe for 
simple hydroseeding ~ loamy soils in mixture with the common seed mix of Common 
Bermudagrass and Bahiagrass (Perennial Ryegrass added during winter seeding); 
while 5% cement was added to the base medium for cemented-soil technique. These 
two methods were applied onto soil slopes without shotcreting and had retained 
existing vegetation. 
3.2 Study sites 
About 80% of Hong Kong's tiny territory is hilly. The rugged topography is under 
immense pressure for development (Greenway, 1990). These two phenomena 
contributed to over 57,000 man-made slopes in the territory. With a subtropical climate, 
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Hong Kong experiences hot, wet and rainy summer, and a distinct dry winter (So, 
1993). The annual mean air temperature is 2 3 � C (15 .8-28 .8�C); 80% of the annual 
2,214 m m rain falls between May and September. August is the wettest month with 
rain occurring 4 days in a week and the average monthly rainfall is 391.4 mm. January, 
on the contrary, is the driest month with only 23.4 m m rainfall that falls in about 6 
days per month. Tropical cyclones are common in August and September, and the 
subsequent heavy rain, that may induce landslips，may last for several days (HKO, 
2003). 
To draw a general view on slope bioengineering in Hong Kong, nine techniques, 
a total of 17 slopes distributed on campus of the Chinese University of Hong Kong 
(hereafter referred to as CUHK campus), Kowloon East and Hong Kong Island were 
chosen for investigation. The slopes were constructed earliest in 1999 to the latest in 
2003 of different orientation and gradients. As most of them are steeper than 60。， 
grasses are the only species suggested to be used according to guideline provided by 
GEO (2002). 
Table 3.2 shows the date of slope bioengineering work completed, size of the 
slope, its proximity to natural vegetation and whether existing vegetation are retained. 
All slopes are on shotcrete cover except the two largest slopes on CUHK campus 
(7NE-C/DT28 and 7NE-C/F77) that are hydro seeded on existing soil surface. Eleven 
slope panels are located on CUHK campus that provides trial sites for testing of new 
bioengineering technologies. The slope 7NE-C/C2 is stationed with panels arranged 
side by side along the slope at gradients 57° to 75 There is no retention of previous 
vegetation and the slope is not close to natural woodland vegetation. Panels on slope 
7NE-C/C172 experience the same isolation. On the other hand, the two largest slopes 
on soil surface are surrounded by natural vegetation in addition to retaining of isolated 
trees and shrubs. Slopes outside CUHK campus, managed by the Highways 
Department, are close to natural woodland vegetation and with woody plants retained. 
As suggested by Gray and Sotir (1996), one of the basic requirements for 
successful revegetation is the climate of the site. Meteorological conditions, including 
the mean temperature, annual rainfall, relative humidity, solar radiation and total 
sunlight duration, that influence substrate properties and vegetation performance were 
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collected from the nearest meteorological station for each site starting from the date of 
the slope work (HKO, 1999-2002). The mean daily temperature and relative humidity 
are very similar among sites; only slightly lower rainfall intensities were observed at 
slopes 11SW-A/C331 (Pokfulam Road) and 15NE-C/C2 (Tung Tau Wan Road) (Table 
3.3). The 2001-2002 average daily solar radiation measured in the King's Park 
Meteorological Station was 12.68 MJ/m^ and the duration of bright sunshine per day 
was 5 hours. Orientation and gradient, influential factors to moisture contents in 
substrates (Paschke et al, 2000), are measured using Brunton compass on the site. 
Table 3.2 Site characteristics of the surveyed slopes 
Proximity 
Date of Area Retaining to natural 
ID Slope No. Location Technique Completion (m^) vegetation vegetation 
1 7NE-C/C2 CUHK Campus G&E Soil Panel Jul 2000 14 no 1 
2 11SW-A/C331 Pok Fu Lam Road G&E Soil Panel May 2001 550 yes 2 
3 11SW-D/C2020 Nam Fung Road Instant Evergreen Feb 2003 664 yes 2 
4 7NE-C/DT28 CUHK Campus Hydroseeding Aug 2001 1540 yes 2 
5 11NE-C/CR63 Hong Ning Road ON Method Apr 2001 160 yes 2 
6 7NE-C/C2 CUHK Campus Rocksgrass Jul 2000 14 no 1 
7 11NE-C/C62 Hong Ning Road Rocksgrass May 2001 980 no 2 
8 7NE-C/F77 CUHK Campus Cemented-soil Dec 1999 1050 yes 2 
9 7NE-C/C2 CUHK Campus NFY Mulching System Jul 2001 14 no 1 
10 11SW-D/C2082 Barker Road NFY Mulching System Aug 2001 150 yes 1 
11 15NE-C/C2 Tung Tau Wan Road Toyo-mulching Mar 2001 550 yes 2 
12 7NE-C/C2 CUHK Campus Toyo-mulching Jul 2001 14 no 1 
13 7NE-C/C172 CUHK Campus Toyo-mulching Jun 2003 10 no 1 
14 7NE-C/C172 CUHK Campus Toyo-mulching Jun 2003 10 no 1 
15 7NE-C/C2 CUHK Campus Geofiber Jul 2002 14 no 1 
16 7NE-C/C172 CUHK Campus Geofiber Jun 2003 10 no 1 
17 7NE-C/C172 CUHK Campus Geofiber Jun 2003 10 no 1 
CUHK Campus: Campus of the Chinese University of Hong Kong 
1: Limited natural vegetation in the surrounding environment. 
2: Surrounded by natural vegetation. 
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Table 3.3 Site characteristics and meteorological data of the surveyed slopes 
Mean Relative 
temperature Rainfall humidity Gradient 
ID Slope No. Location ( • ) (mm) ( % ) O Aspect 
1 7NE-C/C2 CUHK Campus 23.1 2,843 80 70 S62E 
2 11SW-A/C331 Pok Fu Lam Road 23.6 2,274 77 60 N60W 
3 11SW-D/C2020 Nam Fung Road 23.6 2,455 77 40 S79W 
4 7NE-C/DT28 CUHK Campus 23.1 2,908 80 42 N25E 
5 11NE-C/CR63 Hong Ning Road 22.9 2,729 80 60 S62E 
6 7NE-C/C2 CUHK Campus 23.1 2,843 80 65 S57E 
7 11NE-C/C62 Hong Ning Road 22.9 2,729 80 60 S60E 
8 7NE-C/F77 CUHK Campus 23.1 2,695 80 26 S66E 
9 7NE-C/C2 CUHK Campus 23.1 2,908 80 70 N33E 
10 11SW-D/C2082 Barker Road 23.6 2,511 77 60 N39E 
11 15NE-C/C2 Tung Tau Wan Road 23.6 1,816 77 65 N36E 
12 7NE-C/C2 CUHK Campus 23.1 2,908 80 57 N21E 
13 7NE-C/C172 CUHK Campus 23.1 2,754 80 65 S 
14 7NE-C/C172 CUHK Campus 23.1 2,754 80 65 S 
15 7NE-C/C2 CUHK Campus 23.1 2,754 80 67 N38E 
16 7NE-C/C172 CUHK Campus 23.1 2,754 80 65 S 
17 7NE-C/C172 CUHK C a m p u s “ 23.1 2,754 80 65 S 
CUHK Campus: Campus of the Chinese University of Hong Kong 
3.3 Methodology 
Wet season field surveys were conducted in June to October, 2003. Both in situ 
measurements and substrate sampling for laboratory analysis were used for evaluation. 
Parameters include site characteristics, vegetation, and substrates properties. Another 
survey was conducted in January 2004 on vegetation coverage and identification of 
drought-tolerant species. January is cool-dry in Hong Kong when water stress is most 
critically felt. 
3.3.1 In situ substrate measurements 
Both physical and chemical properties of substrates influence vegetation 
establishment. As the slopes were mostly small and extensive disruptive sampling was 
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not allowed, the sampling strategy was to divide each slope into 3 sub-units - top, 
middle and bottom, and collect as much replicates as allowed. By dividing the slopes 
into 3 equal heights may differentiate possible vertical stratification of the properties. 
Thickness of substrate constraints the water and nutrient capacities and thus their 
availabilities to plants. Surveying pins were used to measure depth of substrates at 20 
random points on each level (top, middle and bottom). Root penetration and water 
infiltration are influenced by substrates' degree of compaction which was determined 
using a pocket penetrometer (Allmaras et al, 1993). 
3.3.2 Substrate sampling 
Properties of substrates require laboratory instrumentation for quantitative 
determination. A pilot study was carried out to test the spatial pattern of substrates and 
the amount of substrates required to undergo all the chemical analysis. It was found 
that the substrate properties were inherently heterogeneous, and more replicates will 
require extensive sampling that may cause instability and jeopardize vegetation 
performances. To strike a balance between minimal disturbance and spatial variation of 
the substrates, three bulked samples, each a composite of 3 to 5 sub-samples, were 
collected by using a 2-cm diameter soil sampler at the top, middle and bottom of the 
slopes. Each sub-sample was taken randomly from the whole slope area. The samples 
were returned to the laboratory in zipped and labeled bags for further treatments< 
Three 5-cm diameter undisturbed soil cores were sampled from each slope at the 
top, middle and bottom sections for bulk density determination. For substrates less than 
10-cm thick, samples were cored to the base of the substrate for analysis; while thicker 
substrates were sampled to a depth of 12 cm, in full use of the soil core. 
3.3.3 Laboratory analysis 
The sampled substrates were analyzed for texture, bulk density, pH, conductivity, 
moisture-retention capacity, organic matter content, Total Kjeldhal Nitrogen (TKN), 
mineral nitrogen (NH4-N and NO3-N), total phosphorus, available phosphorus (PO4-P), 
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and exchangeable cations (K+, Na+, Ca^^, Mg2+). The analysis adopted standard 
methods as suggested by Allen et al. (1989). 
Mineral nitrogen and available phosphorus analysis required fresh samples that 
were passed through 0.5 mm sieve and kept under 4士 1°C. The remaining samples 
were air-dried and passed through 2 mm and 0.5 mm sieves according to different tests. 
Textural analysis 
The textural composition of substrate influences water and nutrient-holding 
capacities and ability to resist compaction. Substrates that are mainly mulch materials 
were excluded in the analysis. Soil-based substrates went through the hydrometer 
method by mixing 50 g of 2 mm air-dried sample with Calgon solution and tap water 
in a high speed stirrer. The mixture was then transferred to one-litre cylinder and 
diluted to mark with tap water, and stirred for 2 minutes. Bouyoucos soil hydrometer 
readings were taken at 4 '48" and 5 hours. The percentage of sand, silt and clay were 
expressed by classification according to the soil texture triangle. 
Bulk density 
Substrates in the core were oven-dried at 105°C and weighed. The bulk density 
was derived by weight per volume of substrate. 
Reaction pH 
Soil pH is an indicator of nutrient availability in soil. Ten grams of 2 mm air dry 
soil was shaken with 25 ml of distilled water (1:2.5 w/v) before determination of pH 
by the Orion Expandable Ion Analyzer. 
Conductivity 
Conductivity is a measurement of the concentration of anions in relation to 
salinity; plant response is negligible when measurements are below 2 mS/cm. The 
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sample used for pH determination was also determined for conductivity (Anderson and 
Ingram 1989). 
Water retention capacity 
Substrate-water relationship was revealed by the pressure plate experiment to 
generate moisture retention curves ranging from 0-15 bars pressures. The permanent 
wilting point for plants is the lower limit of available water for uptake and is 
equivalent to a pressure of 15 bar while the upper limit of water availability is 
presented by 0.33 bar. Water retained between these two pressures is available to 
plants (Winter, 1974). Soil sample retaining rings on the ceramic plate cells were filled 
with 2 mm air dry samples and were saturated with water for at least 16 hours. 
Pressures (0, 0.1, 0.3, 3, 5 and 15 bars) were applied to drain water out of the samples 
until equilibrium. Dried samples were immediately weighed and moisture content was 
determined by thermal drying to constant weight at 105°C. 
Organic matter content 
The amount of organic matter in soil is an indicator of capacity for nutrients and 
moisture. It was estimated by the loss on ignition method. Approximately 10 g of 
oven-dried soil was weighed into a crucible and heated in a muffle furnace at 550 
The percentage of organic matter was calculated by dividing the weight loss by sample 
weight. 
Total Kieldhal Nitrogen (TKN) 
Soil nitrogen, a macronutrient that is essential for plant growth, is mostly in 
organic form and unavailable to plants. The Kjeldhal oxidation method was used in the 
determination of total nitrogen in the substrates. One gram of 0.5 mm air dry sample 
was digested in 12 ml of concentrated sulphuric acid and Kjeltab catalyst tablet for 
about one hour. The digested samples were cooled and distillated by the Tecator 
Kjeltec 1026 automatic distillation unit. Using boric acid as indicator, the total nitrogen 
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content was titrimetrically measured using hydrochloric acid following steam 
distillation. 
Carbon:Nitrogen Ratio 
The carbon-to-nitrogen ratio is an important indicator of soil fertility and state of 
mineralization. It was mathematically determined by dividing organic carbon content 
(organic matter content x 0.58) by the % of TKN in the substrate. 
Mineral nitrogen (NH4-N and NO^-N) 
Ammonium (NH4) and nitrate (NO3) nitrogen are the primary forms of N uptaken 
by vegetation. The storage of the inorganic nitrogen, however, is small in soil and 
relies mostly upon mineralization of organic nitrogen by soil microbes. Mineral 
nitrogen was determined colorimetrically. About 5 g of 0.5 mm fresh sample was 
extracted by 1.9MKC1 through shaking for one hour. The solution was filtered through 
Whatman 6 filter paper, followed by determination by Flow Injection Analysis (FIA). 
Detailed procedures of FIA are found in Appendix 3.1. 
Total phosphorus 
Phosphorus constitutes nucleic acids in plants and has critical influence on initial 
establishment and root development. Total phosphorus was determined by mixed acid 
digestion followed by detection by the molybdenum blue method. About 0.3 g of 0.5 
mm air dry sample was digested in a mixture of perchloric, nitric and sulphuric acids at 
a ratio of 1:5:0.5. The digested samples were filtered and diluted with distilled water to 
50 ml for FIA determination. 
Available phosphorus 
Plants absorb phosphorus in soil mainly in the form of PO4-P, which is converted 
from organic P. Five gram of 0.5 mm fresh soil was extracted with \M ammonium 
lactate at pH 3.75. The extracts were filtered through Whatman 6 filter paper, diluted 
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with 0.5M HCl and subject to test by the molybdenum blue method using stannous 
chloride as reducing agent through flow injection analysis. 
Exchangeable cations 
Potassium, sodium, calcium and magnesium are adsorbed on the surfaces of soil 
colloids, reflecting the fertility of a soil, soil reaction, clay type, and weathering status 
of soils. About 5 g of 2 mm air dry sample was extracted with \M ammonium acetate. 
The concentration of cations was determined by running the filtrate through an Atomic 
Absorption Spectrophotometer. 
3.3.4 Vegetation performance 
Two indicators, overall green coverage and species richness, were used to 
evaluate the performance of vegetation on slopes. The overall green coverage was 
assessed by analyzing digital photos taken at the day of the field survey. Portions of 
yellow and bare ground were first outlined in Photoshop, and later processed in 
AutoCAD software whereby the yellow and bare area was compared against the whole 
slope area. This technique was developed by professionals in the slope bioengineering 
field and was adopted by several local companies for slope performance assessment. 
Species identification was carried out using ten 1-m random quadrats (Guan and 
Peart, 1996) on slopes larger than lOOOm^ and the whole plot was surveyed for smaller 
sites. Quadrats were laid by pinning the comers using surveying pins. Identification 
was done as much as possible on site, while species unable to be identified were 
handled by the AFCD Herbarium. 
3.3.5 Statistical analysis 
To minimize disturbance, only 3 bulked samples were collected for each surveyed 
slope. Therefore, the small sample size only allowed descriptive statistics for 
interpreting the variations and trends of the data. Sample means and range values were 
used for data interpretation and comparison. 
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3.4 Results and discussion 
3.4.1 Physical properties of substrates 
Growth substrates are the medium supporting plant growth. Thickness, texture 
and compaction of the substrates directly affect the capacity for water and nutrients 
adsorption. Table 3.4 shows the physical properties of the growth substrates on each 
surveyed slope. 
Texture of soils influences conditions for plant growth (Scullion, 1992). The 9 
bioengineering techniques were divided into 2 categories based on substrates' textural 
classes. Geofiber and Toyo-mulching were classified as ‘'mulching-systems" as their 
vegetation medium was mainly composed of finely decomposed peat moss, although 
Geofiber adopts a reinforced-sand base under the thin organic vegetation base. The 
remaining techniques were "soil-based systems" composed of loamy soils. 
There were no obvious trends in the physical properties of substrates. Variations 
in substrate thickness, compaction, and bulk density among techniques were accounted 
by the use of different materials and application methods. These parameters were also 
found to be unequal on different slopes adopting the same technique, as well as within 
one single plot. The spatial heterogeneity was supported by the wide range values in 
Table 3.4. Burnett et al (1998) report that plant diversity is enhanced by spatial 
variations in and among the slopes. 
Thickness of substrate affects the supply of water and nutrients to vegetation. It is 
suggested that thin soil layer causes more severe browning of vegetation under drought 
conditions (HyD, 2003). According to GEO reports, normal rooting depth of grasses is 
50 cm, while shrubs and trees grow to a depth of about 2 m. The adverse condition for 
rooting was found on all slopes that ranged from 5-26 cm in substrate thickness. 
Rooting was further obstructed by the impermeable shotcrete lining underneath the 
substrates. It was also observed that substrates were thicker at the bottom, which may 
be intentionally constructed to lessen the steepness of slope to favour vegetation, or 
resulted from movement of loose substrates from the upper part of the slope. 
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Table 3.4 Physical properties of substrates in the surveyed slopes 
… „ . . „ ^ Substrate Compaction Bulk Density 
ID Technique Texture t , • . , � � … 3� 
^ Thickness (cm) (MPa) (Mg m^) 
1 G&E Soil Panel Sandy loam 25.11 ~ l ^ 
(21.40-28.43) (0.38-1.10) (0.07-0.08) 
2 G&E Soil Panel Sandy clay loam 25.97 1.57 0.08 
‘ (23.23-29.01) (1.28-2.03) (0.07-0.09) 
3 Instant Evergreen Sandy loam 6.99 1.20 0.16 
(6.90-7.05) (1.11-1.32) (0.06-0.27) 
4 Hydroseeding Sandy loam 18.01 N/A 0.10 
(15.43-20.22) (0.08-0.13) 
5 ON Method Sandy loam 13.39 1.52 0.27 
(12.63-14.09) (1.42-1.71) (0.16-0.46) 
6 Rocksgrass Sandy loam 7.55 2.30 0.19 
(6.55-8.39) (1.74-3.18) (0.18-0.20) 
7 Rocksgrass Sandy clay loam 12.30 1.78 0.09 
(11.84-12.57) (1.49-2.08) (0.09-0.10) 
8 Cemented-soil Sandy loam 20.52 1.34 0.12 
(11.04-25.66) (0.80-1.61) (0.06-0.17) 
9 NFY Mulching System Sandy loam 23.43 0.46 0.03 
(19.85-26.71) (0.29-0.57) (0.02-0.04) 
10 NFYMulching System Sandy clay loam 9.58 2.43 0.31 
(8.22-10.65) (1.85-2.77) (0.11-0.53) 
n“""“Toyo-mulchmg Mulch 7.15 0.48 0.03 
(5.90-8.23) (0.36-0.59) (0.02-0.05) 
12Toyo-mulchmg Mulch 7.71 0.00 0.05 
(5.48-9.79) (0.00-0.00) (0.03-0.09) 
13 Toyo-mulching Mulch 5.12 1.16 0.03 
(5.08-5.16) (0.09-1.31) (0.02-0.04) 
14Toyo-mulching Mulch 10.16 0.71 0.02 
(10.02-10.30) (0.65-0.78) (0.01-0.02) 
1 5 G e o f i b e r Mulch + fibered-soil 10.78 1.25 0.08 
(7.37-16.67) (0.61-1.66) (0.06-0.10) 
16 “ G e o f i b e r Mulch + fibered-soil 20.32 2.42 0.15 
(20.20-20.45) (2.11-2.89) (0.12-0.18) 
17“Geofiber Mulch + fibered-soil 10.16 3.08 0.12 
(10.10-10.23) (2.32-3.63) (0.10-0.13) 
Figures in brackets were range values; rests are mean values. 
n=60 for substrate thickness and compaction; n=3 for bulk density. 
N/A: Compaction exceeds 5 MPa; substrate was too compacted to be measured by pocket penetrometer. 
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Penetration resistance greater than 2 MP a inhibits air and water passage in soil 
(Allmaras et al, 1993). Most slopes were close to this range except hydroseeding (#4) 
and two Geofiber slopes (#16 and 17). Soil was too compact and hard on slope #4 to 
allow measurements by pocket penetrometer (maximum reading of 5 MP a). High 
degree of compaction was also observed on Geofiber slopes (#15-17) as the top layer 
of vegetation base had high shrinkage ability and was applied under high pressure. 
Problems of compacted soil include ill root growth, and poorly aerated and water-
logged soil upon heavy rainfall (Coppin and Richard, 1990; Heilliwell, 1994). The 
large differences in compaction within the same slope may be a result of local erosion 
and loosening of substrates. The zero penetrometer resistance on slope #12 was a result 
of loosened peat moss. It is also reported that peat humidifies with time and becomes 
unstable and loose (Soane, 1990). 
Bulk density is a reflection of the degree of substrate compaction. However, it 
was found that these two parameters had no direct relations in this study. On 
compacted slopes, bulk densities were also low. The bulk density of slope #4 with out-
3 3 
of-range compaction was only 0.10 Mg m" compared to the standard of 1.4 Mg m' for 
tropical soils (Landon, 1991). This was probably due to the presence of wire mesh 
dissecting the substrates into layers, leaving a void that decreased the volume of 
substrate sampled. The discontinuity obstructed water movement within the substrate. 
In addition, it may cause instability due to lack of adhesion to the lower layer. Toyo-
mulching slopes revealed the lowest bulk densities as the major composition is light-
weighted peat moss. 
Soil moisture characteristic curve describes water retention ability of soils under 
different pressures of suction (Winter, 1974). The curve indicates the amount of water 
retained in substrates under saturation, field capacity and at wilting point (Figure 3.1). 
Upon saturation, Toyo-mulching slopes had the greatest moisture (-80%), followed by 
Geofiber and NFY Mulching Systems; the pattern was similar under field capacity as 
well as at wilting point. The higher water retention capacity of mulching systems are 
supported by Heilliwell (1994) that peat soils performed better in retaining moisture 
than sandy soils. Khaleel et al. (1981) also suggest that sandy soils have much less 

























































































































































































































































3.4.2 Chemical properties of substrates 
Both organic matter and inorganic nutrients critically affect vegetation performance. 
Through chemical analysis, the suitability and sustainability of the substrates regarding 
plant growth were revealed. 
Reaction pH is important in determining the availability of nutrients to plants, and 
thus types of vegetation adaptable to the particular environment. In the analysis, pH of 
substrates ranged from 3.48 to 7.62 (acidic to slightly alkaline). As stated by Landon 
(1991), the optimal pH for most plant nutrients to be in available form is 5.5-7. This 
condition is satisfied by most soil-based systems (slopes #1-10); while mulching systems 
were more acidic. Slope 8 (cemented-soil) was slightly alkaline with a pH 7.62 due to the 
addition of cement, which is alkaline in reaction, to enhance the adhesion force in soil. 
Organic matter contents were high as most soils were incorporated with mulch or 
biodegradable protection mats. The mats and meshes helped building up organic matter 
by trapping litter and enhancing on-site decomposition and humification. Mulching-
systems had even higher organic matter contents with the use of organic peat moss as the 
growth medium. The elevated organic matter content retained water and nutrients (Pagliai 
and Vittori Antisari, 1993; Pichtel et al, 1994); hence the concentrations of organic and 
mineral nutrients were higher on these slopes. 
Total Kjeldhal Nitrogen (TKN) is the sum of organic and inorganic nitrogen in 
substrates. Its levels were low in soil-based systems but exceeded optimal values in 
mulching-systems. The same trend was repeated in mineral nitrogen (NH4-N and NO3-N), 
available phosphorus and exchangeable cations (K+, Na+, Ca^^, Mg2+), where much 
higher levels were observed in mulching-systems than in soil-based systems. This is 
related to the presence of peat moss in addition to higher inputs of NPK fertilizers. 
Carbon-to-nitrogen ratio determines the rate of decomposition in soils (Khaleel et al” 
1981); the higher ratio indicates relatively higher carbon content and makes 
decomposition more difficult. The decomposition rate is predicted to be slow as a result 
of the wide C:N ratios, which in turn resulted in slower return of nutrients into the 
substrates regardless of a large amount of litter accumulating on the surface. 
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Table 3.5 Chemica l propert ies of the substrates 
T e c h n i q u e pH Conductivity (mS/cm) Organic Matter (%) TKN (%) C:N ratio 
Optimal Levels* 5.5-7 <2.0 3-5 >0.2 10-12 
1 6.02 0.96 4.39 0.01 180 
^ G & E Soi l P a n e l (5.67-6.68) (0.95-0.96) (3.99-4.88) (0.01-0.02) 
6.32 - 1.02 8.12 0.08 55 
2 G & E Soi l P a n e l (5.50-6.77) (1.01-1.03) (7.65-9.16) (0.08-0.10) 
4.91 1.00 14.51 0.05 173 
5 Ins tant E v e r g r e e n (4.78-5.17) (0.98-1.01) (13.82-15.49) (0.04-0.06) 
6.79 1.11 5.21 0.26 12 
4 H y d r o s e e d i n g (6.73-7.20) (1.09-1.13) (5.50-5.59) (0-0.50) 
6.49 1.00 5.47 0.03 103 
5 O N M e t h o d (6.31-6.59) (0.99-1.00) (5.34-5.73) (0.02-0.04) 
7.03 1.02 4.11 0.08 29 
6 Rocksg ra s s (6.65-7.42) (1.00-1.04) (3.91-4.43) (0.07-0.09) 
7.18 0.99 6.54 0.05 70 
7 R o c k s g r a s s (6.95-7.40) (0.98-1.00) (5.05-8.03) (0.05-0.06) 
7.62 0.11 6.75 0.05 83 
8 Cemen ted - so i l (6.81-8.60) (0.11) (5.65-7.88) (0.03-0.07) 
7.01 1.20 32.16 1.13 16 
9 N F Y M u l c h i n g S y s t e m (6.71-7.21) (1.19-1.21) (20.28-51.78) (0.76-1.73) 
6.50 1.08 9.23 0.02 319 
10 N F Y M u l c h i n g S y s t e m (6.01-6.92) (1.07-1.09) (9.17-9.28) (0.01-0.03) 
4.88 1.08 82.66 0.02 2634 
11 T o y o - m u l c h i n g (4.79-4.96) (1.08) (80.72-84.21) (0.02-0.02) 
6.58 1.11 50.23 0.91 32 
12 T o y o - m u l c h i n g (6.52-6.70) (1.10-1.12) (48.84-52.83) (0.62-1.06) 
3.67 2.53 89.24 0.66 78 
13 T o y o - m u l c h i n g (3.58-3.83) (2.37-2.81) (88.16-90.36) (0.60-0.73) 
— 3.48 2.64 87.17 0.71 71 
14 T o y o - m u l c h i n g (3.36-3.61) (2.53-2.75) (84.81-89.19) (0.69-0.74) 
7.12 1.20 21.54 0.53 24 
15 Geof lbe r (6.66-7.42) (1.15-1.26) (12.52-37.56) (0.16-1.21) 
5.15 1.20 24.44 0.41 35 
16 Geof lbe r (4.70-5.57) (1.20-1.21) (19.05-32.43) (0.23-0.61) 
4.79 1.30 23.14 0.48 28 
17 Geof lbe r (4.77-4.93) (1.24-1.33) (22.37-23.58) (0.44-0.50) 
* Source: Landon (1991). 
Figures in brackets are range values; rests are mean values of 3 replicates. 
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Table 3.5 Chemical proper t ies of the substrates (cont 'd ) 
N H 4 -N N O 3 - N T P PO4-P 
Technique mg/kg mg/kg mg/kg mg/kg 
Optimal Levels* - - 200-1000 2-40 
3.93 0.78 105.95 0.36 
1 G & E Soil Pane l (2.12-5.14) (0.16-1.76) (56.46-159.01) (0-1.08) 
3.14 0.56 55.79 0.27 
2 G & E Soil Pane l (2.44-4.03) (0.25-0.81) (50.13-60.91) (0-0.80) 
2.43 2.73 119.23 57.89 
3 Instant Eve rg reen (2.23-2.74) (1.10-4.92) (90.93-154.27) (31.84-103.76) 
4.72 0.71 53.20 12.65 
4 Hydroseed ing (2.22-8.82) (0.17-1.04) (38.70-63.43) (4.32-18.78) 
5.49 2.10 76.06 45.88 
5 O N M e t h o d (4.50-6.27) (1.82-2.63) (59.21-105.30) (36.09-56.01) 
28.18 0.73 68.25 115.76 
6 Rocks grass (22.60-33.10) (0.57-1.00) (51.96-94.98) (63.69-157.16) 
2.98 0.36 63.99 13.80 
7 Rocks grass (2.77-3.13) (0.28-0.47) (62.56-65.30) (12.19-14.75) 
5.83 6.49 65.56 31.75 
8 Cemented-so i l (3.65-7.74) (4.77-9.72) (51.19-85.04) (15.05-56.19) 
43.29 163.19 317.19 309.39 
9 N F Y Mulch ing Sys t em (21.65-55.42) (92.94-256.37) (205.53-488.32) (257.28-394.46) 
5.77 1.30 181.09 187.13 
10 N F Y Mulch ing Sys tem (2.63-7.68) (1.06-1.46) (163.07-180.01) (152.91-221.35) 
35.97 0.02 397.01 127.22 
11 Toyo-mulch ing (9.11-70.63) (0-0.02) (339.38-444.00) (115.06-141.13) 
172.55 5.26 300.16 215.03 
12 Toyo-mulch ing (92.18-220.95) (3.82-6.81) (265.74-366.28) (168.97-269.35) 
51.66 29.24 355.09 103.04 
13 Toyo-mulch ing (32.63-72.06) (11.92-54.29) (284.69-413.72) (97.58-112.45) 
354.50 18.25 356.49 164.62 
14 Toyo-mulch ing (144.17-508.04) (9.01-25.67) (273.1-496.75) (159.50-174.04) 
93.45 14.92 428.09 205.30 
1 5 Geof lber (60.67-135.31) (2.65-28.12) (215.94-702.26) (76.45-359.88) 
22.76 17.10 178.41 113.16 
16 Geof lber (8.36-35.63) (7.79-22.87) (106.83-220.76) (51.60-154.11) 
150.75 75.82 211.72 85.10 
17 Geof lber (103.45-212.70) (68.67-82.49) (153.45-264.71) (83.74-86.30) 
* Source: Landon (1991). 
Figures in brackets are range values; rests are mean values of 3 replicates. 
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Table 3.5 Chemica l proper t ies of substrates (cont 'd ) 
Exchangeable Cations (cmol/kg) 
Technique K I Na I Ca I M g 
Optimal Levels* 0.2-0.6 <1.0 4-10 0.5-4.0 
I G & E Soil Panel 0 1 3 0.03 6.63 0.48 
(0.08-0.19) (0.02-0.04) (3.54-8.73) (0.32-0.71) 
2 G & E Soil P a n e l 0.26 0.05 3.23 0.30 
(0.16-0.36) (0.03-0.06) (2.82-3.81) (0.28-0.31) 
3 Ins tant E v e r g r e e n 0.30 0.04 4.84 0.65 
(0.26-0.36) (0.03-0.05) (2.70-8.27) (0.51-0.86) 
4 H y d r o s e e d i n g 0-20 0.15 5.04 0.15 
(0.17-0.27) (0.11-0.20) (2.52-7.51) (0.12-0.18) 
5 O N M e t h o d 0.21 0.02 4.15 0.77 
(0.18-0.23) (0.02) (3.53-4.75) (0.67-0.84) 
一6 Rocksg ras s O.lO O.Oi 1.50 0.60 
(0.09-0.12) (0.01) (0.90-2.48) (0.54-0.67) 
7 Rocksgrass 0_31 0.03 3.32 0.55 
(0.22-0.40) (0.03) (3.15-3.50) (0.51-0.60) 
5 Cemen ted - so i l 0.29 0.19 17.31 0.33 
(0.17-0.45) (0.18-0.21) (5.05-40.62) (0.29-0.38) 
~9 N F Y M u l c h i n g S y s t e m 0.27 0.29 38.90 4.94 
(0.17-0.42) (0.23-0.36) (25.55-53.03) (3.71-6.12) 
10 N F Y M u l c h i n g S y s t e m 0.20 0.10 11.55 1.57 
(0.16-0.26) (0.07-0.13) (9.53-13.69) (1.50-1.63) 
TlToyo-mulchmg 0.95 1.90 57.03 4.74 
(0.68-1.12) (1.50-2.46) (50.69-63.44) (4.11-5.43) 
12 Toyo -mu lch ing 0.57 0.86 64.34 3.18 
(0.45-0.68) (0.75-0.98) (62.34-66.65) (3.09-3.23) 
T s T o y o - m u l c h m g 1.17 1.90 104.45 4.48 
(0.82-1.79) (1.66-2.10) (94.91-111.20) (3.95-5.26) 
丁4Toyo-mulching 1_55 1.93 113.52 4.58 
(0.79-1.99) (1.44-2.67) (102.09-121.57) (3.32-5.44) 
7 5 G e o f l b e r 0.60 0.32 41.62 4.17 
(0.37-0.78) (0.12-0.54) (37.48-48.61) (2.49-6.27) 
Te""“Geoflber 0.44 0.49 9.17 0.51 
(0.27-0.71) (0.29-0.68) (7.57-10.32) (0.36-0.66) 
7 7 G e o f l b e r 0.93 0.44 8.16 0.62 
(0.86-1.04) (0.40-0.51) (7.84-8.53) (0.56-0.65) 
* Source: Landon (1991). 
Figures in brackets are range values; rests are mean values of 3 replicates. 
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Chemistry of substrates was spatially heterogeneous on all slopes under 
investigation. In particular, Geofiber slopes existed a 10-fold difference in mineral 
nitrogen and phosphorus contents, although variations in potassium and calcium contents 
were less obvious. The phenomenon was similar in other slope bioengineering techniques 
as a result of the uneven distribution of fertilizers, usually in blocks, upon slope 
establishment. 
The differences in substrates composition between techniques may be one of the 
factors leading to variations in organic matter and mineral nutrients content on slopes. 
The similar trends in mulching-systems that differentiated it from soil-based systems 
supported this proposition. Mulching-systems (slopes #11-17) were consistently higher in 
acidity, organic matter, TKN, mineral nitrogen, total and available phosphorus, and 
exchangeable cations contents than soil-based systems. 
Application of fertilizer was almost the only source of nutrients in slope 
bioengineering as most reinstated soils were low in nutrient contents. The composition 
and dose of fertilizers can have great influence on vegetation performance. An 
exceptionally high nitrate-nitrogen content was observed on slope #9, resulting from 
fertilizer addition. In the local industry, fertilizers were applied only at the establishment 
stage during slope bioengineering works. As nutrients were depleted through vegetation 
uptake and leaching, a trend was observed on the Toyo-mulching plots (slope #11-14) 
that nitrate-nitrogen and potassium contents decreased with age of the slope. Therefore, 
slow-release fertilizers were commonly used to provide nutrients to sustain plant growth. 
3.4.3 Vegetation Performance 
Vegetation is one of the best indicators in ecological restoration (Kershaw et al., 
1994) and green vegetation cover with native invasion blends the slope with its 
surrounding environment. Therefore, both coverage and species invasion are discussed in 
this section. 
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Table 3.6 Vegetation performances on the surveyed slopes 
% Green \ ^ 
Proximity Coverage 
Date of to natural Species 
ID Method Completion vegetation* Original Species** Wet Dry (wet season) 
1 G&E Jul 2000 1 Grass 23 15 10 
2 G&E May 2001 2 Grass, retained vegetation 34 10 37 
3 Instant Evergreen Feb 2003 2 Exotic Groundcover 34 4 38 
4 Hydroseeding Aug 2001 2 Grass, retained vegetation 36 13 15 
5 ON Method Apr 2001 2 Grass, retained vegetation 64 0 20 
6 Rocksgrass Jul 2000 1 Grass 40 ^ 3 
7 Rocksgrass May 2001 2 Grass 64 2 31 
8 Soil + cement Dec 1999 2 Grass, retained vegetation 73 13 16 
9 NFY Mulching System Jul 2001 1 Grass, Wedelia trilobata 76 20 14 
10 NFY Mulching System Aug 2001 1 Grass, Wedelia trilobata 52 29 4 
11 Toyo-mulching Mar 2001 2 Grass, Wedelia trilobata 46 6 12 
12 Toyo-mulching Jul 2001 1 Grass, Wedelia trilobata 73 39 1 
13 Toyo-mulching Jun 2003 1 Grass 100 0 2 
14 Toyo-mulching Jun 2003 1 Grass 100 3 2 
15 Geofiber Jul 2002 1 Grass 43 0 12 
16 Geofiber Jun 2003 1 Grass 100 0 2 
17 iGeofiber Jun 2003 1 Grass | 100 | 1 2 
^Proximity to natural vegetation is denoted by: 
1: Limited natural vegetation in the surrounding environment 
2: Surrounded by natural vegetation/hill slopes 
** Grass refers to a combination of Common Bermudagrass, Bahiagrass, Perennial Ryegrass, etc used in 
hydroseeding and/or hydromulching during establishment. The recipe varies with season. 
The species originally seeded were dominated by exotic grasses due to their 
pioneering ability to combat adverse environmental conditions, especially against water 
stress, shade or strong sunlight (Florineth, 1994). In addition, grasses are potential species 
for diversification that allow natural immigration of other vegetation (Hambler et al, 
1990). Wedelia trilobata, an aggressive exotic ornamental groundcover, was also popular 
as it rapidly establishes into a dense cover (McConnell and Muniappan, 1991), but often 
fails in shaded areas. 
An instant bloom to 100% green cover was experienced by most new slopes within 
one month after establishment (Plate 3.1) as supply of water and nutrients were adequate 
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through irrigation and fertilizers. However, patchy coverage gradually appeared as 
vegetation withered in drier conditions. The percentage green cover dropped by half for 
most slopes. This appeared most obviously on the newly established slopes #13 and #15 
that experienced a drop from 100% to 0%. Kershaw et al. (1994) also find that decline in 
vegetation cover through time, especially during the dry winter, is common as water 
becomes limited. Slope #6, however, experienced increase in greenness from 40 to 57% 
from wet to dry season as Wedelia trilobata invaded the area left bare in wet season. 
Percentage green cover was related to the character of the dominant vegetation. The 
use of Wedelia trilobata on slopes #9-12 enhanced vegetation coverage, although shades 
and relatively lower annual rainfall on slope #11 led to a lower coverage of 46%. 
Dependence on dominant species to contribute to green coverage was also observed in 
the dry season survey. For instance, slope #10 remained dominated by Wedelia trilobata 
as in the wet season. 
Although Brofas and Varelides (2000) suggest that invasion gradually increase 
through time, older slopes were not necessarily richer in species composition than the 
younger slopes. In the study, slope #6 was set up earlier than slopes #7 (both adopting 
Rocksgrass technology), yet the number of species were much higher in the younger plot 
Thirty-one species of were found on slope #7 in comparison to three on slope #6. 
Moreover, slope #3 was relatively new (established in 2003), but it hosted the highest 
number of plant species (38 spp.) among all surveyed slopes. The number of species 
present on a particular slope appeared to relate more to the proximity to natural 
vegetation. All slopes surrounded by natural vegetation had higher number of species 
(12-38 species) in comparison to those with limited vegetation in the surrounding (1-14 
species). This coincided with the statement that “success of dispersal is a function of 
distance from the source" (Urbanska, 1997). 
Invasion of species naturalizes the appearance of exotic cover and fits into 
surrounding landscapes. The slope at Nam Fung Road (Plate 3.2) was originally covered 
by isolated patches of exotic groundcover (Sedum chrysastrum) in May 2003 and much 
of the substrates were exposed. However, in October 2003, the slope surface was already 
invaded by 29 species and has merged well into nearby environment. As the slope was 
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(a) Instant Evergreen System in May 2003 
(b) Invasion of the same slope in October 2003 
Plate 3.2: Comparison of Nam Fung Road slope (slope #3) in (a) May and 
(b) October 2003. 
enclosed by natural vegetation, the distance from invading sources was undoubtedly 
crucial for natural colonization. While invasion is possible, the use of exotic groundcover 
species during initial establishment is not a concern in slope bioengineering as the site 
may eventually be naturalized by neighboring vegetation. As a corollary, more efforts are 
required in the management of these slopes and to make them sustainable in the long run, 
instead of looking for alternative species in pioneer planting. 
Not all slopes were able to be naturalized by invading species, in particular those 
pit-planted with Wedelia trilobata (Plate 3.3). The species is very aggressive under 
sunlight and develops thick mats of creeping stems. Burke and Grime (1996) find that 
plants with productive ability to produce dense canopy closes gaps and hinder invasion. It 
is only when the species dies off in the shaded environment that gives way to invasion. 
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Plate 3.3: When pit-planted with Wedelia trilobata, slope becomes immune to invasion 
There were a total of 86 species, belonging to 33 families encountered on the 17 
surveyed slopes. Appendix 3.2 showed the full list of species found in the wet season 
survey, while those more commonly observed during the survey was listed in Table 3.7. 
Ageratum conyzoides and Mikania micrantha were most frequently found, both being 
exotic to Hong Kong. Among the invading species, about half of them were exotic 
species, indicating that invaders from the surrounding were not necessarily local 
vegetation, yet providing natural appearance. About 80% of the invading species were 
herbs followed by ferns that accounted for roughly 10%. The fem species were mostly 
native. Ferns are suggested to be pests in disturbed forest areas in the tropics (Barker, 
1974) that show strong ability to survive on sloping environment with a wide ecological 
adaptability (Brofas and Varelides, 2000). 
Table 3.7 Common invader species on the surveyed slopes 
Species Name Chinese Name Family Habitat Native/Exotic 
Ageratum conyzoides 勝糸工薊 Asteraceae Herb E 
Conyza sumatrensis 蘇門白酒草 Asteraceae Herb E 
Cyclosorus parasiticus 華南毛蕨，金星草 Thelypteridaceae Fem N 
Emilia sonchifolia 一黑占糸工，雞JP草 Asteraceae Herb N 
Lantana camara / J �胃 , V e r b e n a c e a e Shrub E 
Lygodium japonicum 、海金、)少,羅網藤 Lygodiaceae Fem N 
Mikania micrantha 薇甘菊 Asteraceae Herb E 
Paederia scandens It矢藤 Rubiaceae Vine N 
Pityrogramma calomelanos 粉 葉 H e m i o n i t i d a c e a e Fem E  
Phyllanthus urinaria 葉下珠，珍珠草 Euphorbiaceae Herb N 
Pteris ensiformis 劍葉鳳尾蕨，井邊茵 Pteridaceae Fem N 
Pteris semipinnata 半邊旗 Pteridaceae Fem N  
Pteris vittata 蜈松草 Pteridaceae Fem N  
Sphenomeris chinensis ,烏蕨 Lmdsaeaceae Fem N  
Wedelia trilobata 三裂葉膨螺菊 Asteraceae Herb E 
The second survey in dry season (January 2004) identified some potential drought-
tolerant species (Table 3.8). There were a total of 13 species; 85% of these species were 
common invaders as listed in Table 3.7. Species encountered in dry season were dominated 
by the Asteraceae family, particularly, Ageratum conyzoides. Less fem species were found 
in comparison to the wet season sampling, with Cyclosorus parasiticus being the most 
abundant. Eupatorium catarium and Vernonia cinerea were not common invading species 
in the first wet season sampling. These plants should be potential species that demands 
further investigation on individual revegetation ability and seed source. 
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Table 3.8 Potential drought tolerant species for slope revegetation 
Species Name Chinese Name Family Habitat Native/Exotic 
Ageratum conyzoides 月券紅薊 Asteraceae Herb E 
Conyza sumatrensis 蘇f^ S 白酒草 Asteraceae Herb E 
Cyclosorus parasiticus 華南毛蕨，金星草,Thelypteridaceae Fem N 
Emilia sonchifolia ——黑占糸工，HiP胃 Asteraceae Herb N 
Eupatorium catarium fPi臭草 Asteraceae Herb E 
Lygodium japonicum 、海金、沙，羅網藤 Lygodiaceae Fem N 
Mikania micrantha #甘菊 Asteraceae Herb E 
Paederia scandens Rubiaceae Vine N 
Phyllanthus urinaria 葉下珠 Euphorbiaceae Herb N 
Pteris semipinnata 半邊旗 Pteridaceae Fem N 
Sphenomeris chinensis ,島蕨 Lindsaeaceae Fem N 
Wedelia trilobata 三裂葉膨棋菊 Asteraceae Herb E  
Vernonia cinerea 夜香牛 Asteraceae Herb N 
3.5 Summary 
Several conclusions are drawn based on findings of the present survey: 
1. The physical properties of substrates ~ thickness, compaction and bulk density, 
were highly heterogeneous within slopes and among techniques. 
2. The limited volume of substrate on bioengineered slopes (5-26 cm) constrained the 
rooting depth and storage capacities of water and nutrients essential for vegetation 
establishment. 
3. Based on textural class, the 17 slopes (9 techniques) can be categorized into two 
major divisions: soil-based systems and mulching-systems, each different in 
substrate properties. 
4. Mulching-systems, incorporated with peat moss in the substrates, had higher water 
retention capacity than soil-based systems. 
5. SOM, TKN, C:N ratios, mineral N and P, K, Na, Ca and Mg were spatially 
heterogeneous due to the varying composition of substrates and the uneven 
distribution of fertilizers. 
6. Wide C:N ratios on all slopes indicated potential problem of slow decomposition 
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and mineralization rates. Without additional replenishment of fertilizers, deficiency 
in mineral nutrients could occur. 
7. Mulching-systems were more superior than the soil-based systems in nutrient 
retention due to the presence of peat moss. 
8. Percentage green cover dropped by half in dry season as drought condition 
prolonged and with no irrigation practices. 
9. The predominant species used for revegetation included exotic grasses - Common 
Bermudagrass, Bahiagrass and Perennial Ryegrass, and an exotic ornamental 
groundcover Wedelia trilobata. 
10. Exotic grasses provided instant greening effect upon establishment and yet allowed 
invasion to achieve naturalness. 
11. Naturalness can be achieved by natural invasion, which is enhanced by close 
proximity to surrounding natural vegetation and retention of existing vegetation. 
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CHAPTER FOUR 
SUBSTRATE PROPERTIES AND NUTRIENT DYNAMICS 
4.1 Introduction 
In addition to pH, soil water availability and species adaptability, nutrient 
deficiency has been proclaimed as a major limiting factor restricting plant growth 
(Sheldon and Bradshaw, 1977; Wolf et al, 1984; Hambler et al, 1990). Plants 
become stunted and discoloured in nitrogen or phosphorus deficiency (Grime, 1979). 
In lack of nitrogen, leaves turn yellow; when phosphorus is limiting, leaves turn dark 
green or reddish; and leaf edges appear brown or papery under potassium deficiency 
(Coppin and Richard, 1990). 
Fertilizer provides an immediate source of nutrients (Bradshaw, 1999), and 
plants respond to the addition by accelerated growth rate to gain advantage under the 
favourable condition (Chapin, 1983; Albaladejo Montoro et al, 2000). Hambler et al. 
(1990) also present the positive effect of fertilization in reducing bare ground 
through formation of a closed grass community. A study comparing unfertilized and 
fertilizer-ameliorated soils (Kershaw et al., 1994) also shows that total vegetation 
cover rises from 7% to 25%, and an even higher coverage on ameliorated soil 
stabilized with protection treatments, such as mulch or jute mat. The synergistic 
effect of mulching and fertilizer in promoting vegetation growth has been proven in 
studies by Roberts and Bradshaw (1985), Smith et al. (1985) and Paschke et al. 
(2000). Hong Kong has an average annual rainfall of 2,214 mm, which not only 
promotes vegetation growth but also accelerates leaching loss of nutrients. How will 
fertilizer and mulch additions affect vegetation performance on the local 
bioengineered slopes? 
Without continuous fertilization, nutrients are depleted through vegetation 
uptake, mineralization, immobilization and leaching, leading to rapid decrease in 
coverage (Pichtel et al, 1994; Greipsson and El-Mayas, 1999). Mineralization 
(ammonification and nitrification) and immobilization are of greatest influence on 
nitrogen and phosphorus availability, especially in natural and semi-natural 
ecosystems (Goulding et al, 1996). Nitrogen, being the most constrained nutrient 
required in great amount particularly in grassland ecosystems (Bradshaw, 1999), is 
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highly soluble and quickly leached from soil. Phosphorus, on the other hand, is 
relatively insoluble, but forms insoluble complexes with aluminium and iron 
compounds under acid soil conditions (Ashcroft, 1983). How does the bioavailability 
of these nutrients change with time in the bioengineered slopes? 
Although effect of fertilizer declines through time, repeated heavy fertilization 
is unnecessary; the induced competition for nutrients can lead to decrease in species 
richness and diversity as a result of inter-specific competition (Chapin, 1983). In 
addition, heavy application of N, P and K reduces establishment of grasses and more 
so on legumes (Sheldon and Bradshaw, 1977; Pichtel et al, 1994). Fertilizer 
inhibition is intensified by dry conditions due to low ion exchange capacity, high 
porosity and poor moisture retention. However, appropriate application rate can 
benefit grass and clover establishment, which is equivalent to 50 kg ha'^ for both N 
and P in the form of slow-release fertilizer (Roberts and Bradshaw, 1985). 
Field trials are set up on CUHK campus to quantify the performance of two 
representative substrates adopted by the slope bioengineering industry in Hong Kong. 
This zero-time approach allows us to follow the dynamics of nutrients in the 
semi-natural environment since establishment of the bioengineered slope. 
4.2 Experimental design of trial plots 
Twelve panels, each 1.5 m x 7 m, are prepared on CUHK campus slope 
7NE-C/C172 near Postgraduate Hall No.l in early July 2003. The set up was aided 
by the Campus Development Office of the Chinese University of Hong Kong. The 
22-m long slope declines in both gradient and height from west to east ~ the western 
end is about 70° and 7.5 m high that gradually descends to 65® and 6.5 m in the east. 
It is a shotcreted slope without tree retention and is relatively secluded from any 
natural vegetation cover. However, two other bioengineered slopes adopting Robing 
Wall technique^ covered by Common Bermudagrass are located at the immediate 
east of the study area. At the start of the study, the two neighbouring slopes were 
already invaded by Ageratum conyzoides, Conyza sumatrensis, Emilia sonchifolia 
and Mikania micrantha. Past meteorological data are taken from the nearest Shatin 
Weather Station of the Hong Kong Observatory. The district has an annual mean 




























































































































































































































































































































































temperature of 23.5°C, relative humidity of 78% and a total annual rainfall of 2,754 mm 
(HKO, 2002). 
The experimental set up aims at evaluating nutrient dynamics and water fluxes on 
slopes, experimenting plant species for slope revegetation, and investigating the effect 
of substrate thickness and intensities of management practices on vegetation 
performance. This chapter focuses on the basic properties (both physical and chemical) 
of the substrates, the seasonal variation of the properties and how they affect vegetation 
performance. The rationale of the slope design in relevance to investigating the water 
fluxes on slope, effect of substrate thickness and management intensities on slope 
performance, and the species trial are discussed in Chapter 5. 
Two local bioengineering techniques that have been widely adopted, 
hydro-mulching and fibered-soil set the basis for the study. Hydro-mulching 
(specifically, Toyo-mulching) is one of the commonest techniques adopted in Hong 
Kong. Fibered-soil technique (this study adopted Geofiber by Hong Kong Construction 
Ltd.) is relatively new and is still expanding in the field. These two techniques are 
vastly different in substrate composition and hence are suitable for comparative study. 
Hydro-mulching is an advanced hydroseeding techniques using organic mulch 
materials as the vegetative medium. It is applicable to both shotcreted and soil slope 
surface. Reinforcement mat is first laid on slope surface for stability and fixation of 
fertilizer strips. Mulching materials are then sprayed over the mats. It is a composite of 
peat moss, wood chip compost, fertilizers (N:P:K=13:3:11 and N:P:K=4:17:4), water 
retaining granules, bonding agent, germination stimulator and commercial seed mix 
(Toyo Greenland, 2004). The commercial seed mix in summer consists of 15 g m'^ 
Common Bermudagrass and 10 g m'^ Bahiagrass, while in winter the slurry also 
consists of 5 g m' Ryegrass. The last component, bio-degradable coconut fibre mat, is 
laid on top for erosion control. 
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Figure 4.1 Working cross-section of a typical hydro-mulching system (extracted 
from Toyo Greenland, 2004) 
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Fibered-soil technique, specifically Geoflber, weaves coarse-grained sand and 
decomposed granite with continuous polyester fibres to form a reinforced base 
containing organic blocks of slow-release fertilizers. Maher and Gray (1990) find that 
randomly distributed fiber inclusions significantly increase strength of the layer, and 
that fibers increase resistance to densification or compaction. For adhesion and stability, 
wire mesh is laid on the sand base before application of the vegetation base. It is a 
mixture of peat moss, resin, slow-release fertilizer (N:P:K 15:15:15), and the 
commercial seed mix as used in Hydro-mulching technique. 
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Figure 4.2 Cross-section of the fibered-soil system (extracted from Hong Kong 
Construction - Geoflber pamphlet, 2004) 
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Figure 4.3 Working cross-section of the reinforced base of the fibered-soil system 
(extracted from Hong Kong Construction — Geoflber pamphlet, 2004) 
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4.3 Methodology 
4.3.1 Substrate sampling and measurement 
The trial panel was established on campus in early July 2003. Substrates of the 
twelve panels were collected in July 2003 as baseline values for future monitoring. 
Another sampling for laboratory analysis was conducted in December 2003 to track 
changes in the substrates' physical and chemical properties. These properties include in 
situ moisture content, compaction, bulk density, pH, conductivity, organic matter 
content, TKN, C:N ratio, mineral nitrogen, total and available phosphorus, and 
exchangeable cations. Vegetation coverage, which is more dynamic, was closely 
monitored from July 2003 to April 2004 in a weekly basis. 
Three bulked samples, each a composite of 3-5 sub-samples were collected by 
2-cm diameter soil sampler at the top, middle and bottom of each slope. Bulking 
samples reduced bias of results towards a single point of substrate. However, as the 
slopes were 7 m high, sample collection near the top end was difficult and dangerous, 
therefore, only the lower 5 m was included in the survey. Hence, each section of the 
slope was about 1.5 m high - bottom layer at 0-1.5 m, middle layer at 1.5-3 m, and top 
layer at above 3 m. Moreover, the plots were small in size ( �1 0 m:). Thus, only three 
samples were collected for each plot to minimize disturbance and to protect the slope 
against stability and adverse vegetation performance. The samples were returned to the 
laboratory in zipped and labeled bags for further treatments. 
Compaction was measured by pocket penetrometer on the site during the two 
sampling periods. Twenty replicated measurements were taken at the top, middle, and 
bottom of the slope respectively. 
Moisture contents in substrates were monitored every week and after heavy rain 
using a Time Domain Reflectometer (TDR). Mini burial waveguides of 8-cm length 
was used because of the shallow depth of substrates. Each plot was measured at 9 points 
in form of 3 x 3 grids (Figure 4.4). 
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Figure 4.4 Plan of TDR measurements - 3 x 3 grids 
4.3.2 Laboratory analysis 
Parameters to be analyzed in laboratory include water retention capacity, pH, 
conductivity, organic matter content, Total Kjeldahl Nitrogen, mineral nitrogen (NH4-N 
and NO3-N), total phosphorus, available phosphorus (PO4), and exchangeable cations 
(K+, Na+, Ca2+, Mg2+). The procedures were as described in chapter 3. 
4.3.3 Vegetation coverage 
Digital photos of the plots were taken once a week at the time of TDR 
measurement. The monthly green coverage was assessed as mentioned in the previous 
chapter. 
4.3.4 Statistical analysis 
The focus of this chapter is to generalize information on the nutrient dynamics of 
the two different techniques (hydro-mulching and fibered-soil). However, as the small 
panel size limited replicates of samples panels, and fertilizer treatments were equal for 
all the plots, the 18 samples from the six plots adopting the same technology were 
compiled for statistical analysis using SPSS. Comparison of each parameter between 
seasons and techniques were made using analysis of variance at 95% confidence level. 
Results of the Levene test showed that the 18 replicates for each technique did not 
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compromise with the null hypothesis of homogeneity; therefore, Dunnett's C test (equal 
variance not assumed) was used to account for individual differences. 
4.4 Results and Discussion 
4.4.1 General substrate properties 
Table 4.2 summarizes the mean values for each measured parameter followed by 
the standard deviation. 
The large standard deviations indicated in Table 4.2 showed that substrates 
properties were highly heterogeneous for both techniques. Heterogeneity was 
particularly high in moisture content, compaction, organic matter, C:N ratio, mineral 
nitrogen and phosphorus contents. 
Both hydro-mulching and fibered-soil techniques had low bulk densities (0.02-0.20 Mg 
m ) in comparison to Landon's recommended level of 1.1-1.4 Mg m' (1991). This is 
expected because peat moss dominating the two substrates is light in weight. This 
reduced the weight per volume of sample. In addition, the presence of wire mesh within 
the substrate layer (in both techniques) formed a vacant lining that further reduced the 
amount of solids in the sample core. There are two implications pertaining to the 
presence of a vacant lining in the substrate. First, the peat substrate is broken up into 
different layers so that weathering and erosion of the vegetation base is made easier. 
This will affect sustainability of the organic substrate in the long run. Second, the voids 
can substantially reduce effectiveness of the perched water table on the shotcreted slope 
surface. This will likely reduce moisture supply in the vegetation base. The average 
bulk density of hydro-mulching (0.02-0.05 Mg m'^) was significantly lower than the 
fibered-soil (0.15-0.20 Mg m'^) as hydro-mulching substrates were mainly composed of 
the light-weighted peat moss. Fibered-soil system, on the contrary, contained heavier 
components (decomposed granite and sand) in its reinforced soil base that increased the 
weight per volume of sample. 
Substrates were strongly acidic in reaction, pH ranging from 3.47 to 4.93. The 
presence of ammonium fertilizer adds acidity to the growth medium through 
nitrification (Tilman, 1993). In addition, mulch is acidic in nature (Albaladejo Montoro 
et al, 2000) and hydrolyzation of wood and straw releases NH4+ that is a substrate for 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in soils, particularly phosphorus and base elements (Landon, 1991). 
Conductivity, in contrast, was within optimum range for plant survival. This 
indicated that both substrates were non-saline and the low concentrations of salts should 
pose no threat to water uptake. 
Hydro-mulching substrates were composed of peat moss and wood chip compost, 
while the vegetation base of fibered-soil was also dominated by peat moss. Therefore, 
the substrates were highly organic in nature, averaging 86.43% for hydro-mulching and 
29.0% for fibered-soil shortly after establishment. Seed germination and subsequent 
establishment are enhanced through mulching and use of biodegradable geotextiles 
(Barker, 1994; Ahn et al, 2002). Both materials have strong ability to hold water, seeds 
and fertilizer that assist germination, maintain ground temperature and reduce damage 
during winter. Many studies on hydroseeding have proven the advantages of using 
natural geotextiles made of coconut or jute fibres (Rickson, 1990; Gray and Sotir, 1992; 
Florineth, 1994; Morgon and Rickson, 1995; Urbanska, 1997; Gray, 2001). The natural 
organic material has high water-holding capacities and adds organic matter to soils 
when degradation begins after 3 years (Muzzi et al., 1997; Urbanska, 1997). 
An adequate reserve of nitrogen was reflected by high TKN contents of the 
substrates, averaging 0.67-0.75% for the hydro-mulching substrate and 0.48-0.57% for 
the fibered-soil (Table 4.2). The presence of fertilizers and the ability of the organic 
substrate to hold nutrients (Burket and Dick, 1997) accounted for the high contents. As 
seen from the technical manual of Toyo-Mulching (Appendix 2.1), the vegetation base 
contained 0.1-1.5% TKN. During grass establishment, two kinds of nitrogen-containing 
fertilizers were also added to the slurry, although the formulations (NPK ratios of 
13:3:11 and 4:17:4) were clearly not suitable for grass growth. The amount of fertilizers 
added to the vegetation base of fibered-soil was even higher, amounting to 200 g m ' . 
With an NPK formulation of 15:15:15, the amount of nitrogen added was equivalent to 
30 g m—2, which was by any account excessive. As ammonium was the major form of 
nitrogen in inorganic fertilizer, NH4-N levels in the substrates were also high, reaching 
212 mg kg-i (hydro-mulching substrate) and 62 mg kg—� (fibered-soil) in the wet season. 
Of course, the element decreased drastically with time in the dry season. Nitrate 
nitrogen is the main form of N absorbed plants; it was higher in the hydro-mulching 
substrate (32-46 mg kg'') than the fibered-soil (7-25 mg kg''). Thus, both substrates 
contained more NH4-N than NO3-N. 
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Phosphorus is relatively immobile and resistant to leaching (Smith et al, 1985; 
Goulding et al., 1996); and fertilizer P is usually fixed by sorption or precipitation 
reactions (Carrow et al., 2001). Both substrates contained adequate levels of total 
phosphorus, amounting to 379-533 mg kg"^  for hydro-mulching substrate and 193-222 
mg kg-i for fibered-soil substrate. Likewise, available phosphorus (PO4-P) was 
abundant, averaging 172-362 mg kg] in hydro-mulching substrate and 97-199 mg kg"^  
in fibered-soil substrate. As noted by Huenneke et al. (1990), extractable PO4-P reflects 
fertilizer treatments and thus the high contents of total and mineral phosphorus were 
contributed by fertilizers added during preparation of the vegetation base in July 2003. 
A high P content is beneficial to rooting development of the grasses but strong acidity 
of the substrates (pH 3.47-4.94) can render the element insoluble. 
A larger amount of potassium gives best turfgrass quality (Goss, 1972), and the 
element is often supplied in fertilizers in managed ecosystems. The hydro-mulching 
substrate contained nearly twice more exchangeable K (1.15 cmol kg"】）than the 
fibered-soil (0.64 cmol kg'^) in the wet season, the trend also observed for the dry 
season. K was originated from the basal dressing of fertilizers and the levels recorded 
for both substrates were much higher than the recommended range of 0.2-0.6 cmol kg"^  
(Landon, 1991). It is surmised that the fertilizer strategy of these two techniques has 
never been evaluated properly. Fertilizers were separately added to the vegetation base 
and during hydroseeding (slurry in hydro-mulching and fertilizer block in fibered-soil) 
in these techniques. In the hydro-mulching technique, for instance, 200 g m" of 
inorganic fertilizer with an NPK ratio of 15:15:15 was added to the vegetation base. The 
amount of K contained in this dose of fertilizer alone was equivalent to 30 g m'^, which 
was undoubtedly excessive. The slurry of hydroseeding mix contained 1.9% fertilizer of 
which K was also an importance component. Given the high organic matter contents in 
both techniques, the amount of K added should be reviewed. Excessive K is neither 
cost-effective nor environmentally friendly to the environment, not to mention the 
impact on nutrient balance of the grasses. 
Calcium was more abundant in the hydro-mulching substrate (43.60-111.54 cmol 
kg-i) than the fibered-soil (8.44-9.01 cmol kg'^) compared to the recommended range of 
4-10 cmol kg-i. While calcium is seldom incorporated in fertilizers (Carrow et al., 2001), 
it could have been present in the peat moss and decomposed granite (contained in 
fibered-soil only) used in these techniques. 
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The two substrates differed considerably in Mg content; it was higher for the 
hydro-mulching substrate (1.74-4.50 cmol kg'^) than the fibered-soil (0.64-0.74 cmol 
kg-i). Thus, Mg was more likely to be deficient in the fibered-soil than the 
hydro-mulching substrate when compared to the recommended levels of 0.5-4.0 cmol 
kg-i (Landon 1991). The source of Mg in the two substrates was unknown and was not 
specified in their technical manuals (Appendix 2.1). Where inorganic fertilizers had 
been incorporated in the system, such as the fertilizer with an NPK ratio of 15:15:15 in 
the fibered-soil, they could have contained trace amount of Mg in oxide form. For 
instance, the imported fertilizer Nitrophoska"^ commonly used by the landscaping 
industry in Hong Kong usually contains 2% MgO. The proprietors considered details of 
the technologies a commercial secret; hence the information contained in the technical 
manuals was very brief. Another source of Mg could be the peat moss. 
Sodium is not required for plants growth (Landon, 1991), but acts as a dispersion 
agent in soil that destroys structures. Its presence relieves compaction, but was too low 
in concentration in this study to have any effect in alleviating the compaction problem. 
It was not purposefully added to the two substrates. 
4.4.2 Seasonal variation in substrate properties 
Homung (1990) and Chapin (1993) witness seasonal variations in vegetation 
growth and nutrient accumulation. Although the time lag between the two samplings 
was short, findings can still shed light on nutrients transformation in the semi-natural 
environment between the wet and dry seasons. Indeed, vegetation performance on 
bioengineered slopes in Hong Kong is most critical during the first year of 
establishment. The dry season is undoubtedly an acid test of the plants' ability to 
survive the harsh environment. An assessment of the substrate properties between the 
wet and dry seasons is necessary for two reasons. First, it will shed light on the change 
of substrate properties with time under existing management strategy. Second, results 
obtained from the assessment help elucidate vegetation performance since establishment. 
Any anomalies detected can be rectified by altering the intensity of culture. 
The initial bloom of vegetation to 100% greenness evidenced adequate supply of 
water and nutrients through irrigation and fertilizer application. However, coverage 
4 Inorganic fertilizer manufactured in Germany, with a formulation of 12N: 12P2O5： 17K20:2Mg0. 
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dropped after 3 weeks of establishment (from 100% to less than 3% in December 2003) 
although nutrient contents remained high. This phenomenon persisted throughout the 
dry season, suggesting that nutrients were not the determinant factor of grass growth in 
the two technologies. Possible reasons for the decline of greenness and reduced 
vegetation growth will be discussed in Chapter 5. 
Penetration resistance, a measurement for compaction, varies with water content 
(Soane, 1990). The compaction in wet season (1.28 MPa for the hydro-mulching 
substrate) was thus lower than the threshold value of 2 MPa for plants (Allmaras et al, 
1993). However, the substrates became brick-hard during the drought periods as they 
were dehydrated. Surface crusting was observed in both substrates; the crust resisted 
water penetration from both rain and irrigation. In addition, water contents in both 
techniques were reduced in dry season as rainfall became scarce and evapotransipiration 
remained high. 
Acidity remained high in both substrates; pH value of the hydro-mulching 
substrate was elevated from 3.47 in wet season to 3.74 in dry season. Conversely, the 
fibered-soil experienced a decline of pH from 4.93 to 4.55 during the same period of 
time. Nevertheless, the strong acidity was not favourable to plant growth. Conductivity 
differed significantly between techniques and seasons. Overall, there was a significant 
decline from wet season to dry season (Table 4.2). 
Organic matter and total nitrogen contents were elevated for both techniques in dry 
season. When plants die, organic matter and nutrients are returned to the soil (Chapin, 
1983). Organic matter was added by vegetation biomass (Diaz et al., 1994) that started 
to accumulate on the surface and in the rooting layer. In this regard, the increase of 
organic matter in dry season was statistically significant in the fibered-soil (from 29.0% 
to 37.9%) but not the hydro-mulching substrate (from 86.4% to 87.3%). TKN was 
added by both the vegetation biomass and inorganic fertilizers. The increase was 
equally significant statistically between hydro-mulching substrate (from 0.67% to 
0.75%) and fibered-soil (from 0.48% to 0.57%). As ammonium can be nitrified to 
nitrate and immobilized through vegetation uptake (Smith et al., 1985; Brady and Weil, 
1996; Carrow et al., 2001), drop in NH4-N was observed for both substrates. NH4-N in 
hydro-mulching substrate decreased drastically from 212 mg kg"^  in wet season to 74 
kg-i in dry season. A pronounced reduction was also found for fibered-soil although the 
difference between seasons was statistically insignificant. It is possible that heavy rains 
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encountered during the wet season (a total of 460 mm from August to September 2003) 
contributed to NH4-N leaching. The pattern of NO3-N between seasons and 
technologies was less conspicuous than that of NH4-N. 
C:N ratios of the two substrates declined with time, yet the difference between 
seasons was statistically significant for fibered-soil only. As such, there were signs of 
improvement in the mineralization status of the substrates although the process was 
slow. 
Phosphorus and potassium contents were higher in dry season than wet season, 
probably due to their continuous release from fertilizers. For instance, total phosphorus 
in the hydro-mulching substrate increased significantly by 41% from 379 mg kg"^  to 533 
mg kg-i. The increase was, however, smaller in flbered-soil so that there existed no 
significant differences between seasons. Available phosphorus was doubled in both 
substrates in the dry season; PO4-P in fibered-soil increased significantly from 97 mg 
kg-i in wet season to 199 mg kg.i in dry season. The amounts of phosphorus far 
exceeded the recommended levels of 2-40 mg kg''. 
The seasonal changes of K, Na, Ca and Mg tended to vary substantially between 
the two substrates. K was continuously released from the fertilizers; hence recording an 
increase of 77% (fibered-soil) and 263% (hydro-mulching substrate). Na was reduced in 
both substrates in dry season, suggesting that the higher concentrations in the wet 
season was sea-borne as the trial plots were less than 2-km away from the Tolo Harbour. 
Ca and Mg were both reduced significantly in dry season for hydro-mulching substrate 
but elevated, though statistically insignificant, for fibered-soil. Nevertheless, Ca and Mg 
were still adequate in the two substrates in dry season. 
Overall, organic matter, TKN and majority of the nutrients increased in both 
substrates in dry season as a result of addition from the vegetation and continuous 
release from the fertilizers. Parallel to this was a reduction in vegetation coverage from 
100% in wet season to 0.39-2.23% in dry season. This clearly showed that nutrients in 
the substrates were not a determinant factor affecting plant growth in the dry season. 
The vegetation appeared unsustainable on the trial plots in terms of coverage; all of 
them turned yellow, 
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4.4.3 Comparison between hydro-mulching and fibered-soil systems 
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Figure 4.5 Water characteristic curves for the two techniques. 
The 12 trial plots were fully covered by green grasses after the first week of slope 
work but coverage declined sharply after the first month of growth. The steep slopes 
were exposed to full sun, making water retention difficult. Hydro-mulching yielded a 
marginally higher coverage (2.23%) than fibered-soil (0.39%) in the dry season. Figure 
4.5 shows the amount of water retained by the two substrates after being subject to 
different suction treatments at 0, 0.1，0.3, 3, 5, and 15 bars. The hydro-mulching plots 
retained consistently 30% more moisture than the fibered-soil plots, probably due to a 
higher organic matter content. The moisture conditions on hydro-mulching plots were 
therefore more favourable to vegetation growth. Fibered-soil not only had a sand-base 
that drains water; drain mats under the entire system (Figure 4.2) that resulted in a lower 
moisture retention. The phenomenon was also supported by higher in situ moisture 
contents measured by TDR in hydro-mulching plots than fibered-soil plots, particularly 
in the wet season (Table 4.2). 
Fibered-soil had higher compaction (2.52 MPa) than hydro-mulching substrate 
(1.28 MPa) in wet season. Both substrates became too hard to be measured by pocket 
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penetrometer during the dry season as a result of intense shrinkage of the mulch. 
Compacted soil retards vegetation growth as root and water penetration were impeded 
(Gibeault et al, 1989). 
In terms of substrate chemistry, hydro-mulching plots had higher acidity, 
conductivity, organic matter, C:N ratios, and nutrients (N, P and cations) than 
fibered-soil plots. This is because organic matter content and basal fertilizers were 
higher in the hydro-mulching system than the fibered-soil system. There was obviously 
a heavy dose of basal fertilizers during preparation of the plots, which could last beyond 
the first dry season. 
4.4.4 Nutrients and vegetation performance 
Hydro-mulching plots contained higher organic matter and nutrient contents than 
fibered-soil in both seasons. As the dry condition persisted, the fibered-soil provided a 
better coverage (25%) than hydro-mulching substrate (6%). However, the higher 
coverage was due to invading plants from the neighbouring bioengineered slope (using 
Robing Wall technique) rather than being covered by the originally-seeded species. 
As said, although the organic matter and nutrient contents remained high in dry 
season, green coverage within the period ranged only 0.39-2.23%. This re-affirmed the 
proposition that although nutrients were abundant on the trial plots, vegetation 
establishment was more dependent on other factors, such as water availability in the 
substrates. 
4.5 Summary 
From findings of this experiment, the follow conclusions can be summarized: 
1. The hydro-mulching and fibered-soil substrates were highly different in moisture 
retention capacity, compaction, bulk density, pH, conductivity, organic matter, 
TKN, C:N ratios, mineral nitrogen, total and available phosphorus, and cation 
nutrients. This was because the two techniques were different in material 
composition and basal fertilizer addition. 
2. Both substrates were rich in organic matter dominated by peat moss, which was 
used to enhance water retention, assist seed germination and retain nutrients. 
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3. Organic matter and TKN contents in both substrates were found to increase in the 
dry season, probably due to addition from the vegetation and continuous release 
from basal fertilizers. 
4. The hydro-mulching plots contained more organic matter than fibered-soil plots; 
hence also retained 30% more moisture throughout the study. 
5. Heavy basal fertilizer dressings boosted nitrogen, phosphorus and potassium 
levels in the substrates, which far exceeded the recommended levels for plant 
growth. Yet, significant variations were observed among the plots. 
6. Both substrates were characterized by wide C:N ratios (ranging from 30-75) 
known to favour N immobilization. The ratios were significantly narrowed in dry 
season due to increases in TKN. 
7. Vegetation coverage of the 12 plots was drastically reduced from 100% after the 
third week of hydroseeding to 0.39-2.23% in dry season. This clearly suggested 
that vegetation development on the slopes was unsustainable and that the likely 
determinant factor was moisture instead of nutrient supply in the substrates. 
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CHAPTER FIVE 
EFFECT OF WATER AND MANAGEMENT PRACTICES 
ON SLOPE VEGETATION 
/ — 
5.1 Introduction 
Moisture availability is the major factor limiting plant growth (Lewis, 1981; 
Hillhorst and Toorop, 1997) It structures the abundance and distribution of plant 
species in relation to nutrients, sunlight, and temperature (McKell, 1972; Nichols et 
al., 1998; Zimmereman et al., 1999). Inadequate moisture is the detrimental cause for 
hydroseeding failures (Bayfield et al., 1992) and this can happen a week without rain 
in Hong Kong's summer (Ashcroft, 1983). Although species differ in sensitivity to 
water deficit (Cano et al., 2002), poor plant performance is observed in most dry 
conditions with retarded growth, wilting and even death (Beard, 1973). Seedling 
establishment and density are greatly inhibited in dry weather but are promoted by 
subsurface moisture (Kershaw et al., 1994). In this regard, germination is greatly 
facilitated by high rainfall (e.g. Sheldon and Bradshaw, 1977; Andres and Jorba, 
2000). Diversity is also limited by periodic drought; Tilman and El Haddi (1992) 
find a 37% decrease in species richness after a dry season. Besides, soil moisture also 
serves as heat sink that regulates ground surface temperature (Beard, 1973). 
Water is very dynamic, especially on a sloping environment. When rain falls on 
a slope, part of it is lost through direct evaporation, evapotransipiration or run-off. 
Only a small amount of water passes into the soil as subsurface moisture (Evans and 
Lam, 2003). Rate of infiltration is affected by soil moisture content, compactness, 
texture and nature of soil (Lewis, 1981; Hsu et al, 1983) and is optimized by long 
period of low-intensity rain and frequent light rains (Miller, 1983). Infiltration is 
enhanced on gentler slope (Faulkner, 1990) as slower runoff velocity allows more 
time for infiltration (Paschke et al, 2000). Steep faces receive very little rainfall and 
only 50% of the ambient rainfall infiltrates into slope of 60® and the percentage 
decreases with steepness (Heilliwell, 1994). There is a paucity of information about 
the infiltration of water on bioengineered slopes in Hong Kong. 
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Substrates in local bioengineered slopes are highly compacted due to procedural 
techniques (see Chapters 3 and 4). This problem adversely affects turfgrass quality as 
soils are resistant to root penetration and oxygen diffusion (Waldron and Dakessian, 
1982; Gibeault et al, 1989). Compaction can progress to encrustation upon drying. 
This further promotes water shortage (Cano et al., 2002) through local runoff and 
impeded infiltration (Bryan, 1996). Water infiltration is only increased when cracks 
are formed on surfaces (Burt and Slattery, 1996). 
Soil depth affects the amount of water and nutrients available to plants (GEO, 
2000c; HyD, 2003). Moisture content in shallow soil layer is more susceptible to 
changes in diurnal temperature fluctuations, evaporation, solar radiation, rainfall and 
vegetation cover (Conover and Geiger, 1989; Das et al, 1999). In addition, the 
impermeable shotcrete underlying the substrates forms a perched water table 
(Calmon and Day, 1999; Low et al, 1999) that experiences high evaporation rate 
(Winter, 1974; Eastham and Gregory, 2000). What should be the optimal thickness 
of substrates to be used in local bioengineering slopes? It is essential to strike a 
balance between stability and vegetation development, as stipulated in the LPM 
programme (see Chapter 1). There is, however, no information on the optimal 
thickness of substrates on hard slope surfaces. Landscaping contractors in Hong 
Kong are free to recommend technologies that they are familiar with and yet none of 
these techniques have been evaluated comprehensively. 
Bayfield (1994) suggests that failure of revegetation projects usually involves 
inadequate definition of management requirements for specific vegetation. While 
proper maintenance in early years will enhance sustainability of the vegetation (GEO, 
2000b), indicators of plant performance should be identified to trigger management. 
The three main practices are fertilization, irrigation and trimming (Carrow et al, 
2003). Effects of nutrients and fertilization were already examined in Chapters 3 and 
4 of the thesis. 
Initial establishment of vegetation depends heavily on adequate moisture in 
soils (Bayfield et al. 1992); and supplemental irrigation is required to maintain green 
coverage (Watson, 1972). It is, therefore, a common practice to carry out irrigation in 
dry seasons (Ashcroft, 1983) or when grasses start to turn brown (Kamok, 1998). 
The frequency and rate of irrigation should compensate evapotransipiration loss 
because too much water can cause leaching and impede aeration (Hillel, 1972). 
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Irrigation should be applied as infrequently as possible to avoid the production of 
water-dependent stands (Windsor and Clements, 2001). Elwell and Stocking (1976) 
and Gibeault et al. (1989) even suggest that irrigation should be minimal for merely 
grass survival. In drought prone areas, water-retaining agro-polymers is sometimes 
added to reduce water loss (GEO, 2000c). How does irrigation aid slope revegetation 
in the subtropical environment? What measures are needed to minimize irrigation 
requirement of the established vegetation? The spirit of low-maintenance called for 
in the LPM programme also includes the use of drought-resistant plants. Besides, the 
adoption of growth substrate with high water retention capacity is equally important. 
Grass and groundcovers are the simplest revegetation solution in slope greening, 
yet their growth is so rapid that trimming is required at least twice a year (GEO, 
2001a). Trimming aims at preventing overgrowth as high water usage is induced by 
long grass leaves (Gibeault et al, 1989). 
Hydroseeding alone results in poor vegetation performance but slowly improves 
through gradual colonization and transplantation of native species (Florineth, 1994; 
Brofas and Varelides, 2000). Combining grass seeding with transplantation of 
indigenous species that exhibit adaptability (Windsor and Clements, 2001) and 
landscaping compatibility (Andres and Jorba, 2000) is an ideal practice in 
maintaining species diversity and structure (Paschke et al, 2000). Grass 
hydroseeding coupled with pit planting of tree and shrub saplings have been trialed 
with success by GEO in Hong Kong (2001a). This practice is subsequently 
recommended for its low cost, ease of establishment and high biodiversity. The 
search of suitable species that can survive harsh environments on bioengineered 
slope is always a research priority. 
The objectives of this chapter are fourfold: (a) to investigate the flux of moisture 
in two commonly adopted bioengineering technologies in Hong Kong, with special 
emphasis on substrate thickness; (b) to examine how vegetation coverage on 
bioengineered slopes change with moisture in the vegetation base; (c) to investigate 
the potential uses of selected ferns and shrubs in revegetating bioengineered slopes; 
and (d) to investigate the effect of trimming and irrigation on performance of the 
established slope vegetation. This experiment is carried out on the 12 experimental 
plots described in Chapter 4. 
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5.2 Rationale of the experiment 
Chapter 4 investigated the nutrient dynamics of 12 trial panels established on 
CUHK campus slope 7NE-C/C172, covering two vastly different slope 
bioengineering technologies in Hong Kong. It is found that while green coverage 
drops from 100% in wet season to less than 3% in dry season, nutrient supply in the 
substrates continue to rise. On the other hand, compaction and drought problems 
appear to worsen in the dry season. This chapter focuses on seasonal moisture fluxes 
of substrates, potential plants for slope revegetation, and effects of substrate 
thickness and management intensity on performance of the established vegetation. 
The present experiment was also conducted on the 12 trial plots reported in Chapter 
4, covering hydro-mulching and fibered-soil technologies (see Table 4.1). Different 
treatments were applied to these trial plots since their establishment in July 2003. 
These included the adoption of different substrate thickness, namely 5 cm, 10 cm, 
and 20 cm, selected planting trials, trimming and irrigation. The details of these 
treatments will be described in the ensuing section. 
5.2.1 Substrate thickness 
Grass roots are shallow on steep slopes of less than 0.5 m but deeper rooting is 
beneficial in exploiting more resources to sustain life (Brown, 1994). However, the 
use of 0.5-m thick substrate on steep slopes in Hong Kong is not feasible due to 
safety consideration. The thicker the overburden layer on rock or shotcreted slopes, 
the greater will be the risk of slope failure. Because of this, only grasses are 
recommended for slopes steeper than 45° (GEO, 2000a), where the growth medium 
is shallow. As seen in Chapter 3, the average thickness of the growth substrates in 
Hong Kong's bioengineered slopes ranges from 5-26 cm only. Thin substrates will 
undoubtedly add safety to the slope; however, they also create conditions 
unfavourable to plant growth. One grave concern is limited moisture supply in the 
substrate, especially during the dry season. In the long run when fertilizer inputs to 
the established vegetation are reduced, nutrient supply is also a potential problem. In 
this experiment, the water retention capacity of three substrate thickness will be 
tested, namely 5 cm, 10 cm and 20 cm (in accordance to 2", 4" and 8" specified by 
local bioengineering field in normal practice). 
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5.2.2 Irrigation 
Common Bermudagrass (Cynodon dactylon) is a dominant species used to 
revegetate slopes in Hong Kong. It is a C4 plant that is fast growing and requires 
high intensity culture, including irrigation throughout the year. The LPM programme 
calls for the selection of drought-resistant species to reduce maintenance cost. This is 
unlikely feasible given the dominance of Common Bermudagrass in slope 
revegetation work. 
The evapotranspiration loss during dry season was used as a reference to 
calculate the amount of irrigation to be applied in this study. Some studies have 
suggested that dry season irrigation alone is adequate to maintain turfgrass cover 
(Ashcroft, 1983). As intermittent dry spells also occur in the wet season in Hong 
Kong, selected plots were irrigated throughout the study period to elucidate the 
importance of water and to ascertain the effect of substrate thickness. 
5.2.3 Trimming 
Grasses are fast-growing species that use up much resources in soil. Grime 
(1979) finds that slow growth results in low demands for nitrogen and phosphorus, as 
well as water. Fast-growing grasses require more frequent trimming to reduce water 
usage but the practice can also stimulate rapid recovery after damage. There is, 
therefore, a need to adjust trimming frequency and height to suit optimal growth rate 
in balance with water and nutrients usage. As a fast growing species, Common 
Bermudagrass requires regular trimming to retain a decent cover of the slope by 
increasing its shoot density (Beard, 1973). It is also a common practice in Hong 
Kong to trim some of the grassed slope with the use of stringed weed eaters. Hence, 
trimming is also practised in some of the experimental plots. 
5.2.4 Potential revegetation species besides grasses 
Urbanska (1997) finds that appropriate transplanting of grown plants accelerates 
development of vegetation. High survival rates of native species are reported by 
Paschke et al. (2000). In Hong Kong, the bioengineered slopes are dominated by 
exotic grasses that are not ecologically viable. There is an urgent need to look for a 
more diverse mixture of species not limited to grasses. Thus, four species mixes 
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(mainly native species) are planted on the experimental plots to test for their 
potentials in slope revegetation work. These species included Eremochloa 
ophuroides (Centipede grass), Mimosa pudica, Melastoma dodecandrum, Selaginella 
spp. (S. uncinata and S. krussiana), mixture of fern dominated by Nephrolepis 
auriculata, together with Amepelopteris prolifera, Cyclosorus acuminatus, 
Cyclosorus parasitica, Parathelypteris torresiana, Pteris faurier and Pteris vittata. 
The selection of species is based on species' hardiness, adaptability, amenity value 
and availability in the local market. Table 4.1 shows the layout of the 12 trial plots. 
Centipede grass is native to China and Southeast Asia, and is adaptable to acidic, 
infertile soils of medium moisture content (Beard, 1973). It is easily established into 
medium to high shoot density and has low culture intensity (GEO, 2000a). However, 
it has poor recuperative potential and drought resistance, and only intermediate shade 
tolerance. 
Mimosa pudica is a low-growing legume originated from the temperate regions 
and has escaped from cultivation into many tropical and subtropical wild lands 
(McConnell and Muniappan, 1991). It is a naturalized species as stated in AFCD and 
CAS (2002). Roberts and Bradshaw (1985) recommend more use of legumes as 
commercial operations often fail due to nitrogen deficiency and their 
self-sustainability helps to add nitrogen into soils (Greipsson and El-Mayas, 1999). 
Melastoma dodecandrum is native to Hong Kong and is found abundantly as 
forest groundcover (AFCD and CAS, 2002). This evergreen plant prefers clayey 
acidic soils of higher moisture contents, but can grow in exposed sunlight. 
Selaginella spp. are fem-like species that grow in a wide diversity of climates, 
soil types and conditions. S. krussiana is one of the most commonly grown 
Selaginella originated from Africa and is widely grown for its hardiness, adaptability 
and dense mat of green foliage. It likes moist, shady conditions and grows very 
rapidly that tends to become weedy. S. uncinata is native to Hong Kong. It extends 
its habitat from the Tropics to Sub-tropics. The species forms compact mat of bluish 
foliage in a spreading manner. It is very fast growing under suitable conditions ~ 
moist, warm conditions and fairly bright light (Jones, 1987). 
Ferns are able to regenerate through proliferation and fragmentation, and 
possess wide range of strategies for survival. They are invasive to many soil 
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conditions (Grime, 1979). Nephrolepis auriculata is the dominant species planted 
onto slopes in the study. It is widely distributed in the tropical and temperate region 
and grows naturally into colony from shades to full sun. It is also an ornamental 
species popular in Hong Kong's urban parks (personal observation). Other ferns 
planted on slopes include native Amepelopteris prolifera, Cyclosorus acuminatus, 
Cyclosorus parasitica, Parathelypteris torresiana, Pteris faurier and Pteris vittata. 
5.3 Methodology 
The location and characteristics of CUHK campus slope 7NE-C/C172 on which 
this experiment was conducted were already described in Chapter 4. This section 
gives details about the methodology of the present experiment. 
In July 2003, the twelve panels were hydroseeded with the commercial seed mix, 
while plot 9 received an additional seeding of Eremochloa ophuroides (Centipede 
grass). Immediately after hydroseeding, plots 10-12 were transplanted, respectively, 
with seedlings of Mimosa pudica and Melastoma dodecandrum, Selaginella spp., and 
a mixture of fem dominated by Nephrolepis auriculata. The plan of the 
transplantation was as shown in Figure 5.1. Seedlings were pit-planted together with 
the loamy soil from the transplantation bag into holes of 8-cm in diameter. Daily 
irrigation was carried out on all twelve panels until the establishment of a full grass 
cover (three weeks after hydroseeding). 
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Figure 5.1 Plan of transplantation on plots 10-12. 
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As irrigation is commonly practiced to compensate evapotranspiration loss and 
to avoid wilting (Beard, 1973), the local evapotranspiration loss from September 
2002 to February 2003 was obtained from past records of the Hong Kong 
Observatory (HKO, 2003). The amount of water lost through evapotranspiration 
averaged 90 mm month"^ ； hence the amount of irrigation applied to the required plots 
amounted to 21 mm week"'. 
Field monitoring was carried out to record the change in moisture content and 
greenness of the 12 plots from August 2003 to April 2004. In order to account for 
more accurate temperature, humidity and rainfall data, these meteorological 
information were obtained from the Department of Geography and Resource 
Management's Automatic Weather Station located less than 1 km east of the 
experimental slope. 
5.3.1 In situ moisture measurement 
Moisture contents in substrates were monitored twice a week in wet season and 
once every week in dry season by Time Domain Reflectometer. Additional 
measurements were carried out after rainfall events to account for the effect of rain 
on slope moisture content and vegetation coverage. As substrates were thin, 8-cm 
mini burial waveguides were used to measure each plot at 9 points in 3x3 grids (see 
Fig 4.4). 
5.3.2 Vegetation coverage 
Photos were taken after each TDR measurement and the overall green coverage 
was assessed in accordance with procedures described in Chapter 3. 
5.3.3 Statistical analysis 
Statistical package SPSS was used for data analysis. The temporal and spatial 
difference in in situ moisture contents and percentage green cover among the plots 
were analyzed by Dunnett's C test at 95% confidence level. 
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5.3 Results and Discussion 
5.3.1 Dynamics of water on slopes 
Substrates not only provide anchorage and nutrients to plants, they are also the 
storehouse of water. Water is supplemented to substrates through rainfall and 
irrigation. Effects of both natural and artificial water input are discussed. 
A total of 866 mm rainfall was recorded during the study period of August 2003 
to April 2004 (Figure 5.2). The highest rain intensities in September 2003 (460mm) 
and a relatively higher rainfall in March 2004 (130mm) marked the end and start of 
two wet seasons. No rainfall was recorded in December 2003, which is thus denoted 
as the drought month. Rain is a major source of soil moisture (Hsu et al, 1983) and 
the relationship between rainfall and moisture content of the substrates is shown in 
Figure 5.3. Generally higher moisture contents were recorded in substrates in the 
rainy months of September 2003 and March 2004, and moisture peaks were observed 
almost after every rain incidence. High-intensity rainfall induced higher rise in 
moisture contents on slope than low-intensity rainfall. Where irrigation is not 
provided, the slope vegetation will rely on natural rainfall for the supply of moisture. 
This problem is aggravated by thin growth substrates and steep gradients, which are 
not favorable to the retention of substrate moisture. Because of this, the potentials of 
drought-resistant species and measures to optimizing moisture retention by substrates 
are top priorities of research. 
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The hydro-mulching plots (Plots 1-6) were significantly higher in moisture 
contents than fibered-soil plots (Plots 7-12) during the wet season. There were also 
greater increases in moisture content in hydro-mulching plots after rainfall events. The 
higher organic matter and peat moss contents on these hydro-mulching plots provide 
stronger water retention than fibered-soil plots. In addition, the higher compaction and 
crusted surface in fibered-soil plots reduced infiltration of rainwater into the substrate. 
In the drought month of December 2003, all the plots (both irrigated and 
non-irrigated) were not statistically different in moisture contents. The situation had 
deteriorated to an extent that unless moisture in the substrates were replenished, the 
slope vegetation would suffer from wilting. In this connection, the average 
evapotranspiration in December is 76.7 mm (Hong Kong Observatory, 2003). 
Although the hydro-mulching plots were wetter than the fibered-soil plots, variations 
were also found between plots of the same technology. For instance, the moisture levels 
of hydro-mulched plots 1 and 2 approached "zero" during the extremely dry period 
(December 2004) as no irrigation was applied. Desiccation was particularly serious on 
plot 1 adopted the thinnest 5-cm substrate. This indicated that the hydro-mulching plots 
were also more prone to desiccation and water loss. It was noted that cracks also 
developed on the fibered-soil plots under prolonged drought spell. These cracks 
increased infiltration rates (Burt and Slattery, 1996), accounting for the relatively less 
extreme dryness in the fibered-soil substrates. 
Substrate moisture varied spatially within the same plot, being more conspicuous 
on hydro-mulching plots than fibered-soil plots. The water contents were slightly higher 
at the bottom part of the slope than the upper part, though not statistically significant. 
Because of this, the green colour of the vegetation lasted longer at the bottom slope than 
the upper slope in dry season. This phenomenon was probably a result of the 
gravitational flow of water to the bottom slope. The presence of drain mats and sand 
base in fibered-soil plots diverted water out of the slope and therefore water contents 
were more evenly distributed, resulting in no obvious accumulation at the foot-slope. 
Irrigation is practised to avoid vegetation desiccation due to excessive 
evapotranspiration (Beard, 1973). Plots 3, 4 and 6 received different irrigation 
treatments; plot 3 was irrigated in the dry season only (from October 2003 to February 
2004), while plots 4 and 6 were irrigated weekly. Despite this supplementary irrigation, 
moisture contents in these 3 plots were not significantly different from plots 1, 2 and 5 
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of the same technology (see Table 4.1). This phenomenon is possibly contributed by the 
densification and encrustation of substrates under droughty condition, which inhibited 
water infiltration and hence made the effect of irrigation insignificant. 
53.2 Water content and vegetation coverage 
In general, full grass coverage (100%) was observed for all plots at the week of 
slope installation. The hulled seeds of Common Bermudagrass can germinate within a 
week or less under favourable conditions in summer. The grasses grow vigorously in 
response to irrigation and basal fertilizers. Daily irrigation in the development stage is 
critical in establishing successful hydroseeding (Sheldon and Bradshaw, 1977) and this 
was practiced in the study for the first month until complete grass coverage was 
developed. However, the green cover dropped sharply from 100% (as seen in the third 
week of slope establishment) to 30% within a month's time. The green coverage 
continued to decline from September 2003 to mid-January 2004, which coincided with 
the dry season (Fig 5.4). The lowest coverage of less than 3% was observed in 
December 2003 and January 2004 when the weather conditions were extremely dry. 
However, when the new rain season started in March 2004, vegetation coverage in all 
the plots increased gradually to 5-42%, thou曲 not as green as the initial bloom in the 
summer of 2003. 
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Figure 5.4 Change in green coverage in relation to rainfall and moisture 
contents on slope 
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Table 5.1 Mean monthly moisture content and green coverage on the 12 plots, 
August 2003-April 2004 
Plot No. Moisture content (%) Green coverage (%) 
1 13.56b 24.32 a 
2 — 19.6r 29.46a 
3 22.45 a 29.46 a 
4 20.73a 28.50^ 
5 20.41 a — 24.41 a 
6 23.81 a 
7 27.75 a “ 
8 1 0 2 ^ 26.56" 
9 9.73 b 26.19a 
10 1 0 . 9 ” 2 9 . 5 5 a -
11 12.01: 28.27" 
12 1 1 . 2 7 b 3 0 . 4 1 a 
Values for each column sharing the same letter were not significantly 
different at p<0.05 level by Dunnett's C test. 
There were no significant differences in green coverage for the 12 plots from 
August 2003 to April 2004 (Table 5.1). Full coverage of the slopes was achieved 3 
weeks after hydroseeding as a result of ideal growth conditions. Thereafter, green 
coverage started to decline in September 2003 and mean monthly coverage during the 
observation period ranged from 23.81% (Plot 6) to 30.41% (Plot 12). Plot 1 yielded a 
low green coverage of 24.32% though not significantly different from rest of the plots. 
This plot had a substrate layer of only 5 cm, which was lowest among all the plots. 
Incidentally, it retained only 13.56% moisture, which was significantly lower than the 
hydro-mulched plots 2-6. As the substrate layer of plots 2-6 was 10-cm thick, they were 
expected to retain more moisture than plot 1. Furthermore, plots 3, 4 and 6 were also 
subject to irrigation throughout the study, which resulted in highest (20.73-22.45%) 
moisture contents, though statistically insignificant, among the 12 plots. 
Plots 7-12 adopted the fibered-soil system; substrate thickness was 20 cm for plot 
7 and 10 cm for the remaining plots. Unlike the hydro-mulching plots, plot 7 yielded the 
lowest moisture content (9.89%) although it was not statistically different from plots 
8-12. Furthermore, overall moisture contents in the hydro-mulching substrates 
(9.73-12.01%) were lower, though statistically insignificant, than the fibered-soil plots 
(13.56-22.45%). None of the fibered-soil plots were different in green coverage. Thus, 
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the positive relationship between substrate thickness and moisture content appeared to 
be more conspicuous for the hydro-mulching plots than the fibered-soil plots. 
As a source of soil moisture, rain enhances grass growth and biomass 
(Silvertown et al, 1994). Several rainfall events starting in late January induced the 
recovery of greenness on slopes. Fibered-soil plots recovered faster to about 30% green 
coverage while only 10% was observed on hydro-mulching plots. This was unexpected 
because the hydro-mulched plots used to contain more moisture than the fibered-soil 
plots. The increased coverage on fibered-soil plots was not only contributed by 
re-growth of the hydroseeded grasses, but also invasion of Ageratum conyzoides and 
Emilia sonchifolia from the neighboring established trial panels (Plate 5.1). As weed 
seeds are dispersed into the plot from surrounding fields and predominantly from edges, 
only plots closer to the adjacent slopes were infected with more invading species. This 
finding agrees reasonably well with Bayfield et al. (1992) and Montalvo et al. (2002). 
In addition, the gentler fibered-soil slopes were more favourable to vegetation 
development than the steeper and more isolated hydro-mulching plots. Paschke et al. 
(2000) also find that coverage is better on gentler slopes. 
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Plate 5.1 Higher green coverage and invasion on plots 10-12 
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It was observed that throughout the study period, green coverage was highest at the 
foot of the slope (Plates 5.2 and 5.3). The gentler gradients and accumulation of slope 
materials, seeds and water (Muzzi et al., 1997; Ahn et al., 2002) offer more grass 
establishment at the base. 
5.3.3 Vegetation and rooting depth 
Water available to plant depends on the rooting depth and moisture retention 
capacity of the substrate (Gibeault et al, 1989). Hydro-mulching plots having a 
substrate thickness of 10 cm (plots 2-6) contained significantly higher moisture contents 
than similar plot with a substrate thickness of 5 cm (plot 1). Likewise, the moisture 
content of these plots was also significantly higher than plots 7-12 with similar substrate 
thickness (Table 5.1). Furthermore, the 5-cm thick hydro-mulching plot (plot 1) was 
similar in moisture content to all the 10-cm thick fibered-soil plots (plots 8-12). This 
could easily be explained by the fact that hydro-mulching panels had higher organic 
matter and peat moss contents than fibered-soil panels. The smaller volume of substrate 
in plot 1 had reduced its water-retention capacity; hence "zero" moisture readings were 
also observed during drought period. As noted by Chattel]ea (1989), surface soil is more 
susceptible to wetting and drying and more easily regulated by surrounding 
environmental conditions than lower soil. 
Table 5.2 Monthly green coverage (%) of the 12 plots, August 2003 to April 2004 
2003 • • I • 2004 
Plot Aug Sep Oct Nov Dec Jan Feb Mar Apr 
1 8 4 . 6 1 “ 3 . 5 0 8 . 7 6 2 . 0 3 0 . 1 8 1 . 0 9 2 . 1 4 4 . 3 5 
2 1 0 0 7 8 . 7 3 - 9 . 0 2 1 5 . 3 8 3 . 2 0 1 . 5 6 1 . 4 9 6 . 8 4 5 . 2 1 
3 — 1 0 0 7 8 . Q 0 ~ 9 . 1 3 1 4 . 0 0 3 . 0 0 0 . 6 0 1 . 3 0 7 . 0 0 8 . 0 0 
4 — 1 0 0 5 3 . 9 5 — 9 . 0 0 0 . 8 0 1 . 8 0 3 . 0 7 1 . 0 0 6 . 1 7 1 8 . 3 6 
5 " l o o 3 4 . 4 5 一 8 . 9 0 0 . 8 0 1 . 6 6 2 . 5 0 0 . 9 5 0 . 4 5 9 . 5 9 
6 — 1 0 0 3 0 . 4 5 — 7 . 1 3 0 . 7 3 1 . 7 0 2 . 2 0 0 . 9 0 0 . 6 0 1 3 . 8 8 
7 1 0 0 6 4 . 1 6 1 . 1 0 2 . 2 2 0 . 1 9 0 . 4 4 4 . 2 0 8 . 4 1 3 3 . 1 0 
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The effect of rooting depth was also reflected by green coverage of the slopes. 
Although no significant differences were observed for the 12 plots on green coverage, 
the vegetation in plot 1 (5-cm thick substrate) not only turned brown earlier but also 
appeared less green than other plots (Table 5.2). This observation lasted until the end of 
the observation in April 2004. As mentioned in the previous section, the fibered-soil 
panels were similar in moisture content regardless of difference in substrate thickness. 
5.3.4 Vegetal response to management practices 
Irrigation and trimming are the commonest management practices affecting grass 
development (Carrow et al., 2001). Five combinations of irrigation and trimming were 
tested on plots 2-6 (10-cm thick hydro-mulching plots) in the study, including weekly 
irrigation, dry-season irrigation, trimming, trimming and weekly irrigation, and a 
control without irrigation and trimming (Fig 5.1). Surprisingly, no differences were 
found in moisture contents and green coverage among these 5 plots. The highly 
compacted substrates during dry season resisted water infiltration and most of the 
irrigated water was lost as runoff from field observation. In addition, Muzzi et al (1997) 
find that effects of management treatments on vegetation only become evident in the 
second year of the practice. Therefore, it is premature to conclude that management 
inputs in terms of trimming and irrigation had no effects on green coverage of the slope 
vegetation. Longer-term monitoring is required to ascertain the effect of management 
inputs on performance of the vegetation. 
5.3.5 Species trial 
Local bioengineering projects are dominated by the use of exotic grasses that are 
unnatural and ecologically unsustainable (HyD, 2003). Species trials are thus needed to 
explore the potential use of native varieties for slope revegetation. Centipede grass, 
Mimosa pudica, Melastoma dodecandrum, Selaginella (both native and exotic varieties), 
and different ferns were trialed on plots 9-12 developed on 10-cm thick fibered-soil 
substrates. 
Most plants started to wither in day 10 after transplantation, particularly 
Sellaginella spp. and Melastoma dodecandrum, while Mimosa pudica and Nephrolepis 
auriculata survived best among all the species. However, when drought condition 
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intensified in October 2003，all the transplanted species and hydroseeded grasses turned 
brown. As the native species were transplanted immediately after hydroseeding, the 
plants were exposed to direct sunlight and immense evaporation loss. Miller (1983) has 
rightly pointed out that death of seedlings due to water stress can be aggravated by heat 
damage. Although irrigation was provided everyday until the grasses had emerged, the 
penetrability of water was limited as the slope was steep and substrates had high degree 
of compaction. Therefore, desiccation and direct exposure to sunlight were fatal to 
survival of the transplanted species. 
Another factor affecting survival and growth of the transplanted species was 
competition of the hydroseeded grasses. Other factors being equal, grasses are expected 
to grow faster than transplanted shrubs or ferns on newly prepared seedbeds. The 
hydroseeded grasses, Common Bermudagrass in particular, germinated rapidly and 
provided a rapid cover for the bare ground. Full coverage of the slope was achieved 3 
weeks after hydroseeding; hence the transplanted species had to face fierce competition 
from the fast-growing grasses. Many of the planted species, such as Mimosa pudica, 
Melastoma dodecandrum, and the Selaginella spp., were dwarfed and shaded by the 
established grasses. 
The transplanted species did not recover even on the irrigated plots as most 
water was lost in runoff on the encrusted surface. In March, however, a few isolated 
Mimosa pudica species had emerged on plot 10. All other transplanted species had 
disappeared from the slopes. 
The addition of native species to the bioengineered slopes in this study is 
undoubtedly a failure. As these species are known to grow well on many slopes, natural 
or semi-natural, in Hong Kong, what lessons we have leamt from the trial? While a 
diverse flora is preferred on bioengineered slopes, we need to revisit the strategy of 
establishment. Although the selection of appropriate species is crucial to survival, the 
time of planting as well as size of the seedling are equally important. Looking back 
retrospectively, we should have treated the bioengineered slope as an ordinary degraded 
site where the growth environment is harsh. Some of the growth problems included soil 
acidity, thin substrates, extreme temperatures, high evaporation loss, etc. Besides, the 
problem of competition from established grasses must be addressed. It was perhaps 
inappropriate to transplant the species when the hydroseeded grasses were growing 
vigorously. Instead, it should be accomplished when growth of the Common 
9 1 
Bermudagrass was suppressed, such as in autumn or spring. Of course, regular 
maintenance such as trimming of the Common Bermudagrass adjacent to the 
transplanted species can enhance the survival rate. 
5.3.6 Invasion of species 
Invasion of species, Ageratum conyzoides and Emilia sonchifolia, was observed 
on plots 10-12 starting from March 2004 (Plate 5.1). The seed source was from the 
adjacent established trial panels that hosted several common invading species in Hong 
Kong. Urbanska (1997) finds that invasion is enhanced by short distance from seed 
source; and invasion can occur in the second year of establishment (Brofas and 
Varelides, 2000). The closer proximity to seed source was one cause for the higher 
invasion rate; another was the gentler gradient of the 3 plots that enabled retention of 
more water in the substrates. In addition, some loamy soils were also introduced to the 
experimental plots during the pit-planting of saplings. When the imported plants died, 
the disturbed pits served as safe sites with deeper rooting depth and higher water 
availability that promoted invasion (Thompson et al, 2001). Invasion on other plots was 
also observed but the scale was much smaller due to longer distance from the seed 
source and lack of disturbed pits for invasion. As noted in Chapter 3, invasion would 
increase with age of the established slope. Long-term monitoring is needed to verify if 
the 12 plots would one day be taken over by native species. 
5.4 Summary 
From findings obtained in this experiment, the following conclusions can be drawn. 
1. Moisture contents in substrates responded to rainfall events closely and larger 
increases were associated with high-intensity rainfall. 
2. Hydro-mulching plots retained more moisture than fibered-soil plots in the wet 
season but this difference disappeared in December 2003, which was the driest month 
during the study period. 
3. The effect of substrate thickness on moisture content was more conspicuous for 
hydro-mulching plots than fibered-soil plots. For instance, hydro-mulching plot 
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having a 5-cm substrate contained significantly less moisture (13.56%) than 10-cm 
substrate (19.61-22.45%). 
4. Thickness of fibered-soil did not differ in moisture contents as roots were not yet 
well-developed to account for differences between the 10-cm and 20-cm substrates. 
5. Irrigation and trimming had no significant effects on moisture content and green 
coverage of the slopes. 
6. Full coverage (100%) of the bioengineered slopes was achieved 3 weeks after 
hydroseeding. Thereafter, green coverage declined with time to less than 3% in 
February 2004. Mean monthly coverage ranged 23.81-30.41% throughout the study 
period and no significant differences were found between the two techniques. 
7. Green coverage of the slopes started to recover in late February 2004 after several 
rainfalls; fibered-soil plots recorded a better recovery (30%) than hydro-mulching 
plots (10%). 
8. Sellaginella spp. and Melastoma dodecandrum withered 10 days after transplanting 
due to desiccation, while Mimosa pudica and Nephrolepis auriculata survived better 
and longer. However, all the transplanted species were visually eliminated when 
drought intensified in October 2003. Only a few Mimosa pudica reappeared in April 
2004. 
9. Invasion of native species was observed, being more obvious on fibered-soil plots 
that were closer to the nearest seed source. 
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CHAPTER SIX 
LIMITATIONS OF PRESENT BIOENGINEERING TECHNIQUES 
6.1 Introduction 
Since the reinforcement of slope revegetation under the LPM programme in 
1999, many foreign slope bioengineering techniques have been introduced to Hong 
Kong. Principles of these techniques have been adopted by the local landscaping 
industry and have evolved into new technologies. However, the strengths and 
weaknesses of these techniques have not been quantitatively evaluated. This chapter 
aims to critically discuss the limitations of present techniques based on analytical 
results from the previous chapters and to propose possible solutions for 
improvement. 
6.2 Physical setting 
6.2.1 Steep gradient 
The general survey conducted revealed that most of the slopes adopting 
bioengineering techniques are steep; about 80% of the surveyed slopes is steeper than 
60。，which is very difficult to establish vegetation successftilly (Works Branch, 1993). 
Steeper slopes absorbed much less rainfall, resulting in water shortage that constrains 
hydroseeding (Cano et al., 2002). However, due to limited space to cut back slopes to 
gentler gradients, steepness can hardly be overcome in the local condition. The 
possible solution is to apply higher seeding rates (Sheldon and Bradshaw, 1977), and 
to overlay mats on surface to help retain moisture (Florineth, 1994). 
6.2.2 Shotcreted slope surface 
Safety has often been the prime consideration in Hong Kong's slope design. 
Almost all revegetated slopes, until August 2003, registered under the GEO data file 
(2003) were shotcreted. The impervious shotcrete layer was intentionally constructed 
to impede infiltration into the back-slope materials that may destabilize the slope. 
Hydroseeding directly on soil slopes is one of the methods to strike balance between 
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slope stabilization and revegetation. The technique was adopted in countries such as 
Malaysia (Bayfield et al, 1992), Italy (Florineth, 1994) and Spain (Andres and Jorba, 
2000). This direct hydroseeding, given time, allows root cohesion that provides 
adequate stability on slopes in addition to the aesthetical benefits. 
In comparison to intact soil slope surface, substrates on shotcrete have 
shallower rooting layer (Roberts and Bradshaw, 1985), and lower water content (Hsu 
et al., 1983). The impermeable layer interferes with the vertical flow of infiltration that 
causes formation of water-logging perched water table under intense rainfall (Koo, 
1997). Consequently, growth conditions are less favourable on shotcreted slopes and 
the dominant use of shotcrete lining indicates vegetation sustainability is only 
secondary to slope safety. Besides, materials used to adhere the substrates to the inert 
surface increase the cost of establishment. It is recommended to replace shotcrete and 
chunam with soil nailing after which hydroseeding or hydro-mulching is applied 
directly to the intact soil layer to allow deeper rooting and water replenishment from 
the underlying soil layer. 
6.3 Substrate properties 
6.3.1 Substrate thickness 
According to the study, substrates were generally thin; thickness varied among 
techniques and within the same plot, ranging from 5-26 cm. Plant roots were unable 
to penetrate into the underlying soil or rock surface in the presence of a shotcrete 
layer and were restricted in the small volume of substrate. Barker (1988) states that 
grasses may achieve rooting depths of 50-75 cm, which is much deeper than the 
thickness provided in local bioengineered slopes. The condition not only affects 
rooting of vegetation, but also amount of water and nutrients available for sustainable 
plant growth. In addition, thin substrates were easily affected by exposure to sunlight 
resulting in desiccation and extreme temperatures. These conditions adversely affect 
plant growth. 
Although thicker substrates had greater rooting depth and affinity for water 
and nutrients, they increase the gravitational loading of slope that may lead to failure. 
In order to maximize utilizable volume of substrates, the shotcrete layer should be 
removed to allow penetration of roots into the under-layer and to exploit larger 
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supply of water and nutrients. In this regard, the use of soil nail is preferred to 
shotcrete. 
6.3.2 Compaction 
Penetration resistance is an indication of the degree of soil compaction. 
Although wetter soils have generally lower penetration resistance, high readings 
were obtained on several plots in wet season surveys, particularly slope adopting 
fibered-soil technique and simple hydroseeding. Compaction in dry season was 
intensified on hydro-mulching and fibered-soil plots (see Chapter 4) whereby no 
measurements were taken by pocket penetrometer with maximum reading of 5MPa. 
Substrates were highly compressed as the mixture of slope materials and seeds were 
applied onto slopes using high pressure nozzles. In addition, mulch and clay-sized 
particles have high shrinkage ability that increased the hardness upon drying. 
High compaction not only retarded root penetration, but also impeded water 
infiltration. During the monitoring period in the trial study, irrigated water was 
mostly lost as runoff without being absorbed into the soils. Frequent light rains or 
irrigation, under the situation, may be the only solution to effectively wet the soils 
(Miller, 1983). 
6.3.3 Presence of wire mesh 
Add-on materials on steep slopes, substrates and vegetation, are often 
susceptible to erosion. In order to provide anchorage, wire mesh or erosion control 
mats are applied on the surface. The use of biodegradable mats is beneficial to 
vegetation establishment as moisture can be retained on slopes, apart from the 
addition of organic matter from the mat materials. At the same time, the mats can 
adversely affect vegetation emergence if the pore size is too small. Wire mesh, 
usually coated with plastics, was sometimes laid in between two layers of growth 
substrates as in Rocksgrass, Toyo-mulching and Geoflber techniques and formed a 
vacant lining in between these layers. This dissection of substrates may induce 
instability as the upper layer lost cohesion; water movement within the substrate 
layer may also be obstructed thus defeating the function of a perched water table. As 
a result, the layer supporting plant with water and nutrients became even thinner and 
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was more prone to environmental stresses. The small mesh size, in addition, also 
restricted seedling emergence together with possible rusting that affects vegetation 
performance. It is therefore encouraged to lay biodegradable erosion control mats of 
larger pore size on the surface rather than using wire meshes alone to prevent 
slipping of substrates. 
6.3.4 Heterogeneous properties 
Both the physical and chemical properties of substrates were highly 
heterogeneous, not only among different techniques, but within a plot. Parameters 
that differed include in situ moisture contents, substrate thickness, compaction, bulk 
density, pH, organic matter content, TKN, C:N ratio, mineral N, total and available 
phosphorus, and exchangeable cations contents. The most obvious variation was 
observed in the mineral nutrients of N, P and K, probably due to basal fertilizer 
dressing and their uneven distribution on the slopes. As vegetation emergence and 
survival depended on available resources on the site, the heterogeneous substrate 
properties caused patchy vegetation growth. Although patchiness can enhance the 
degree of naturalness, it poses problems in management of the slopes. 
6.3.5 Highly organic peat moss composition and C:N ratios 
The high organic matter contents, particularly in mulching-systems, were 
contributed by its peat moss composition. Although organic matter improves water 
and nutrient retention capacity of soils (Heilliwell, 1994), its gradual decomposition 
can cause loosening of substrates and instability. As the slopes were established for 
only several years (earliest since 1999), their long-term performance have not been 
predicted and should attract further studies. We believe the use of a predominantly 
organic substrate can provide an instant "greening" effect of the slopes. However, 
this is only a short-term solution because vegetation growth will be affected in the 
absence of mineral soils unless there will be continuous management of the organic 
substrate. Weathering of organic-rich substrates is a major concern in slope 
bioengineering, not to mention associated fluctuations in the supply of water and 
nutrients. Unfortunately, we know very little about this as of to date; hence are not 
able to recommend any measures that can sustain the ecological functions of these 
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organic substrates. Even if measures are available in the years to come, they are 
likely expensive and the worst scenario could be periodic rejuvenation of the slopes 
where weathering of the organic substrates is near completion. In a nutshell, the 
predominant use of organic substrate as a growth medium instead of as a soil 
conditioner in the open environment may be a wrong decision. It is not sustainable in 
the long run and certainly works against the spirit of low maintenance in Hong 
Kong's LPM programme. 
The C:N ratio of growth substrates on slopes reached up to hundreds, which far 
exceeds the optimal range of 10-12 for the most ideal soils. Despite the optimal TKN 
contents, high organic matter contents, particularly in mulching-systems had widened 
the ratio. The wide C:N ratios are not favourable to vegetation growth in the long run. 
Unless high nitrogen content is maintained in the substrate, there is always the 
possibility of fierce competition for available nitrogen by general purpose 
microorganisms. The length of this nitrate depression cycle is positively related to 
C:N ratios. 
6.4 Water stress 
Water is a limiting growth factor on the bioengineered slopes, regardless of 
differences in slope establishment techniques. Green coverage dropped in both the 
general survey (Chapter 3) and trial study (Chapter 5) from wet season to dry season. 
Although the trial plots contained high levels of nutrients in dry season, all the 
established grasses turned yellow and the transplanted species died. Recovery of 
grasses was observed after several rainfall events in late February, re-affirming the 
fact that water exerted a greater influence on vegetation growth than nutrients on the 
slopes. 
The high fertilizer nutrients in substrates, particularly nitrogen, greatly 
accelerate plant growth that in turn causes higher water use rate (Gibeault et al, 
1989). Therefore, high-nutrient condition has probably intensified the drought 
problem in substrates. Apart from elevating water usage, more frequent trimming is 
needed especially on roadside slopes to clear overgrowing grasses. As argued in 
Chapter 4, we need to revisit the fertilizer programme associated with each of the 
bionengineering technique. The basal dressing of fertilizers in the mulching 
techniques is considered excessive. As such, the practice is neither cost-effective nor 
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environmentally-friendly. Perhaps the use of slow-release or bio-fertilizers should be 
expanded, besides the search of Ni-fixing species in slope revegetation. 
We attempted to compensate evaporation loss of water by irrigating selected 
plots in dry season. The results were not ideal because surface crusting of the 
substrates had inhibited the infiltration of irrigation water. This is a grave concern 
although the cause of compaction was beyond the scope of the present study. Many 
of the techniques were developed outside Hong Kong, where environmental 
conditions could be vastly different. It is therefore necessary to re-examine material 
composition of the different techniques and make modifications, where appropriate, 
to prevent the occurrence of crusting. 
6.5 Vegetation on slopes 
6.5.1 Species selection 
Local bioengineering industry used predominantly exotic grasses, namely 
Bermudagrass, Bahiagrass and Perennial Ryegrass to revegetate the slopes. Shrubs 
and trees were only present if retained or where substrates were deep enough for 
plantation. Species diversity was therefore very low on these slopes. Exotic grasses 
were low in ecological values and incompatible with the surrounding landscapes in 
texture and ecological functions. They also required relatively higher maintenance 
for irrigation, trimming and fertilization in the local environment. Because of these 
reasons, the use of exotic grasses as the prime revegetation species is discouraged by 
some professionals in the field. However, these grasses were not aggressive and they 
could recruit the invasion of native species from surrounding habitats. This will add 
diversity to the established slopes and where the invasion of shrubs is possible, the 
exotic grasses will be eliminated one day as a result of shading. Declining growth of 
the hydroseeded grasses with time can perhaps provide extra species, nutrient and 
water for the invasion of native plants. The speed of this process, as demonstrated in 
the plot trial, depends on distance of the slopes to the seed source. On the other hand, 
adding Wedelia trilobata to the grassed slope is not ecologically-friendly to the 
environment. It is an aggressive groundcover adaptable to different environments, 
leading to the formation of a lush vegetative cover on the bioengineered slope. It 
discourages the invasion of native species. Therefore, the use of exotic grasses 
should be continued unless suitable alternatives are available in the market. 
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There are studies on the screening of species for ecological rehabilitation in 
Hong Kong, yet no works have been done for urban steep slopes. This is in need due 
to high maintenance requirements of the exotic grasses. Native or other viable 
species with low maintenance requirements could make slope bioengineering easier 
and more sustainable. However, it is often very difficult to find seed sources of 
native species and their ecophysiological adaptations are virtually unknown. Ferns, 
for example, were found abundantly on the surveyed slopes (Chapter 3) and 
considered suitable for planting on the trial plots (Chapter 5). The supply of ferns 
suitable for transplanting is limited in the market, and spores are difficult to collect 
and germinate. More studies are needed in search of potential species suitable for 
slope bioengineering projects. 
6.5.2 Isolation from natural vegetation 
Native species invasion was possible on slopes either surrounded by natural 
vegetation or located at close proximity to seed sources. However, in many urban 
environments, the shotcreted slopes were rather isolated from the surrounding 
environment. Even if natural vegetation is present nearby, colonization of native 
species occurs mostly at the edges. It is recommended that more vegetation materials 
should be introduced to large slopes to improve the chance of success. 
6.6 Management and maintenance 
6.6.1 Timing of hydroseeding and transplanting 
Roots of new seedlings and transplanted species require time to settle on the 
new environment, where water supply and exposure to sunlight are critical in 
determining their survival (Miller, 1983). The timing of hydroseeding and/or 
transplanting, therefore, become critical in determining the success of revegetation. 
Ashcroft (1983) proposes that planting works should be programmed during 
favourable growing seasons to minimize risk of failure. In local environment, early 
spring is undoubtedly the best time for hydroseeding because it represents onset of 
the rainy season. Where proactive planting of shrubs is required, such as soil-nailed 
slopes with thicker soil substrate, it must avoid competition from the active growing 
grasses. In this regard, transplanting should be carried out after grass establishment 
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instead of immediately after hydroseeding. Where the substrate is sitting on 
shotcreted or hard rock surface and less than 20-cm thick, it may not be sensible to 
add shrubs to the slope. There is simply not enough rooting depth for shrub or low 
tree growth. 
6.6.2 Maintenance requirements 
A post-planting maintenance period of 1 to 3 years is specified in every 
bioengineering project in Hong Kong. The maintenance is carried out by the 
contractor and yet details and objectives of the maintenance are poorly defined. For 
example, the Geotechnical Manual for Slopes (GEO, 2000a) states that frequent 
watering is required when planting is accomplished outside favourable season, but 
there is no definition of "frequent" and "favourable season". Failures were 
commonly observed in local bioengineered slopes, where the vegetation cover had 
turned brown and showed no signs of recovery. In order to avoid re-grassing, 
irrigation should be applied whenever signs of browning or withering of the 
vegetation are detected. This is, however, not the usual practice because of the lack 
of facilities and poor supervision. It is well known that competition is extremely keen 
among the landscaping contractors in Hong Kong. Bidding prices are low, resulting 
in low profit margin. This deters investment from the contractor on irrigation 
facilities. Small hose is used in manual irrigation and low-water pressure in the 
system can hardly reach the upper slope. 
6.63 Poor workmanship 
Procedures of applying the substrates, hydroseeding and transplanting require 
skilled training. Transplanting, in particular, requires adequate horticulture 
knowledge to avoid damage to the root balls. However, highly technical slope 
bioengineering works are sometimes outsourced at the expense of costs; workers 
may lack knowledge or experience in proper techniques that can lead to fatal 
consequences. Workers must be trained before slope bioengineering works were 
carried out. 
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6.7 Ultimate goal of slope bioengineering 
The dilemma of making the slope "green" or "natural" has recently become a 
concern in the bioengineering field. Most of the projects aimed at the "greening" 
effect of vegetation, and thus ornamental Wedelia trilobata is a good choice to 
provide year-round green coverage. However, the species required frequent trimming 
due to its fast growth rate and it appeared unnatural and monotonous. On slopes 
revegetated with exotic grasses, browning and withering of both grasses and invaded 
species in dry season are normally seen as in those natural hill-slopes, where it is 
accepted. Given the recurrent cost of trimming and irrigation to maintain an 
evergreen slopes that has low self-sustainability and ecological values, naturalness 
should be the ultimate goal of slope bioengineering rather than just "greening". 
Browning of bioengineered slopes should be accepted as long as vegetation can 
recover from drought with onset of the wet season. Invasion of native species will 
occur on the bioengineered slopes given seed source is available. Management or 
maintenance should also target at the creation of environment suitable for the 
recruitment of native species. Grass establishment on slopes by hydroseeding is, 
therefore, a means to an end and not an end itself. 
6.8 Summary 
From the findings of this research, some major limitations of present bioengineering 
techniques are concluded. 
1. Steep gradient and compacted substrates limit rainfall infiltration that adversely 
affects the replenishment of moisture lost in evapotranspiration. 
2. In Hong Kong, most bioengineered slopes are either shotcreted or established 
on rock surface. This limits the choice and quality of growth substrates which, 
in turn, affects vegetation growth. 
3. Rooting depth is too shallow to maintain proper growth of grasses, especially in 
the dry season. 
4. Wire mesh used for anchorage undoubtedly stabilizes the substrate on steep 
slope; however, it also disrupts water movement in substrates. Compaction 
could have partly resulted from the presence of wire mesh in the substrate. 
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5. Heterogeneous substrate properties are resulted from different mineral 
composition of the techniques. As no two slopes are the same, this will affect 
management prescriptions of the slopes. 
6. Although organic-rich substrates can elevate water and nutrient contents on the 
slopes, these benefits may not be long-lasting as a result of weathering of the 
organic materials. 
7. The wide C:N ratios associated with organic-rich substrates poses potential 
threats on nitrogen supply in the growth medium. The need to replenish the 
substrate with nitrogen has a cost implication on slope bioengineering. The use 
of peat moss as a soil-amendment agent instead of as a growth medium will 
resolve this problem. Another solution is the expanded use of N2-fixing species. 
8. Water is a limiting growth factor on slopes, and causes browning of the 
established vegetation. Water loss cannot be easily compensated by irrigation, 
as anticipated, primarily due to rapid runoff from steep slopes and surface 
crusting of the substrate that impedes infiltration. 
9. Exotic grasses are used for revegetation for their rapid establishment and ease 
for colonization. 
10. Native species invasion occurs in all established slopes, except those also 
covered by Wedelia trilobata. The magnitude of invasion appears to increase 
with the availability of seed source at close proximity to the site. 
11. Proactive planting of shrubs and ferns to add diversity to the slopes should best 
be carried out after establishment of the grasses and not during hydroseeding. 
This will minimize competition from the actively growing grasses. 
12. Maintenance should be clearly defined in slope bioengineering contracts. Proper 
training of professionals and adequate investment in equipment are basic to 
successful revegetation projects. 
13. Slope naturalness and stability are the goals of slope bioengineering works. 
Lush growth of green grasses as a result of high energy subsidies is not 
sustainable in the long run. 
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CHAPTER SEVEN 
CONCLUSION 
7.1 Summary of major findings 
Based on field observations and GEO data file (2003), most bioengineered 
slopes in Hong Kong were shotcreted and steeper than 60°. Growth substrates were 
thin, ranging from 5-26cm according to the field surveys. The adversity was 
worsened by the presence of shotcrete layer that constrained root penetration and 
moisture replenishment from the back-slope. In the trial study, the thinnest substrate 
(5-cm hydro-mulching plot) had lower water contents and experienced faster drop in 
green coverage at the beginning of the dry season compared to the 10-cm and 20-cm 
thick plots. The recovery of green coverage on this plot was also slower. Substrates 
were highly compacted, particularly in dry season. During the survey in wet season, 
fibered-soil plots had compaction values in excess of 2MPa and the hydroseeded 
surface on campus slope 7NE-C/DT28 was too hard for penetrometer measurement 
(i.e. >5MPa). Compaction was further intensified upon drying of substrates in winter. 
The problem resulted in surface crusting of the substrates, thus reducing water 
infiltration. Strong shrinkage also caused cracking and cavity formation inside the 
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substrates, accounting for low bulk densities (0.05-0.20 Mg m ' ) of the growth 
medium. The shallow and compacted substrates were, therefore, not favourable for 
vegetation growth. 
It was found in the survey of bioengineered slopes that the chemical properties 
were largely favourable to plant growth; namely neutral pH, low salinity and 
adequate supply of mineral nutrients. However, both physical and chemical 
properties were highly heterogeneous. The differences were not only observed for 
different techniques, but also within the same plot. Thickness of substrate, organic 
matter content, TKN and mineral nutrient contents were highly variable among the 
slopes. Mineral nitrogen and phosphorus had the largest variations. Ammonium 
nitrogen concentrations varied from 2.43 mg kg'' (Instant Evergreen System) to 
354.50 mg kg"^  (Toyo-mulching). In the Toyo-mulching plot, NH4-N even varied by 
a magnitude of 8 folds from 9-70 mg k g \ 
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The high organic matter content of most substrates was resulted from the use of 
peat moss to enhance water and nutrient retention capacities. Hydro-mulching plots 
in the trial study contained 86% organic matter compared to 29% in fibered-soil plots. 
Because of this, the water retention capacity, TKN, phosphorus and cation nutrient 
levels were higher in the hydro-mulching plots than fibered-soil plots. C:N ratios of 
most substrates were wide due to dominance of peat moss, which is susceptible to 
decomposition and weathering in the long run. Thus, peat moss was mainly used as a 
growth medium in the bioengineered slopes instead of as a soil-amendment material. 
It is unlikely sustainable without costly maintenance. 
Moisture contents on slopes responded positively to rainfall events; the 
magnitude of increase commensurated with rainfall intensities in both the 
hydro-mulching and fibered-soil techniques. Overall, mulching systems had higher 
water retention capacities than soil-based systems. Among the mulching techniques, 
hydro-mulching plots had higher water contents than fibered-soil plots during wet 
season, but the difference became insignificant in the driest month of December 2003 
as observed in the trial study. 
Vegetation establishment was more critically affected by water availability than 
nutrient contents on slopes. The survey study reported in Chapter 3 indicated a > 
50% decline in green coverage on the surveyed slopes from wet season to dry season. 
The established vegetation on trial plots also turned brown in dry season when 
nutrient levels in the substrates remained high as a result of continuous release from 
basal fertilizer dressing. Full coverage (100%) of the slopes was achieved 3 weeks 
after hydroseeding in both the hydro-mulching and fibered-soil systems. Green 
coverage started to decline in September 2003 to less than 3% in January 2004, a 
phenomenon also observed for most bioengineered slopes in Hong Kong. Mean 
monthly green coverage during the 9-month study period ranged 23.81-30.41% and 
there were no statistical differences among the 12 trial plots that were different in 
substrate thickness and composition, irrigation and trimming treatments. 
Nevertheless, green coverage recovered slightly (0.90-5.90%) in February 2004 after 
several rainfall events. 
Different cultural practices were tested on the trial plots. Irrigation was applied 
at weekly intervals to compensate the evapotranspiration loss of water on selected 
plots. Trimming was undertaken to verify its effects on moisture contents and green 
1 0 5 
coverage. Surprisingly, both practices had no significant influences on moisture of 
the substrates and green coverage of the vegetation throughout the study period. 
Common Bermudagrass, Bahiagrass and Perennial Ryegrass were dominant 
species used for local slope bioengineering projects. An exotic groundcover, Wedelia 
trilobata, was also widely planted for its aesthetic value and good coverage. It was 
found that use of exotic grasses allowed invasion and eventually harmonized slopes 
with the surrounding landscapes. However, Wedelia trilobata inhibited the 
colonization of native species due to aggressive growing habit. Hence the use of 
Wedelia trilobata should be discontinued. Naturalness of the bioengineered slopes 
can be achieved by invasion, a process enhanced by close proximity to vegetation 
source. Proactive planting of native shrub and fern species on the hydro-mulched and 
fibered-soil slopes was not successful, probably due to ill-timing of the planting. It is 
recommended that planting should be implemented after establishment of the grasses 
instead of during hydroseeding. 
7.2 Implications of the study 
7.2.1 Use of exotic grasses and naturalness of bioengineered slopes 
There were often arguments that using exotic grasses, such as Bermudagrass 
and Bahiagrass, for slope revegetation projects in the local industry was not 
sustainable. Because of this, the use of exotics should be discontinued and replaced 
by native species. This will help achieve an ecologically-sound and sustainable 
environment. Besides this argument, greening of slopes has been the prime concern 
and target of achievement rather than "making slopes as natural as possible". Efforts 
have been made to identify evergreen species that can replace the exotic grasses and 
the biggest finding appeared to be the aggressive shrub Wedelia trilobata. The over 
reliance on exotic species is both a result of their rapid growth and the lack of native 
species seed source in the commercial market. Because of this, the established slopes 
appeared unnatural and as previously mentioned in Chapter 5, these exotic grasses 
require fairly high intensity of culture. 
In view of the low ecological values and high maintenance costs of the 
established slopes, the goal of slope bioengineering should shift from "artificial 
greening" to "naturalization" through the recruitment of native species. This can be 
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achieved in two ways, namely natural recruitment by the exotic grasses and 
enrichment planting of shrubs, ground covers and low trees on permitted substrates. 
Using exotic Wedelia trilobata, however, inhibits invasion due to its aggressive habit 
of growth. Exotic grasses are less aggressive and allow invading species to settle and 
establish. The invading species can gradually take over the dominant role of grasses 
to form a self-sustainable and ecologically-sound habitat. This is also suggested by 
GEO (2000c) that grasses are intended to become colonized by native shrubs and 
trees at the end. Of course, this takes time to achieve. The time needed for 
naturalization would be longer when slopes are isolated from neighboring seed 
source. Enrichment planting can then be employed to speed up the process. 
There were disadvantages of using exotic grasses alone in slope bioengineering. 
Given their known ecophysiological requirements and ability in recruiting native 
species, their use should be continued until alternatives become available. A rule of 
thumb in the selection of alternative species is that they must be natural species that 
are drought-resistant and shallow-rooted. 
7.2.2 Substrate thickness 
Substrate thickness affects the availability of water and nutrients to vegetation 
(HyD, 2003). Greater volume of soil increases the chance of successful plant 
establishment. Grass prefers 300 mm-deep soil, although it adapts to shallower 
depths by reduced metabolic activity or dormancy (Heilliwell, 1994). None of the 
vegetation base surveyed in this study can fulfill this minimum requirement for grass 
growth; the thickness of the substrates averaged 5-26 cm. Rooting was further 
inhibited by the impermeable shotcrete lining or hard rock face underneath the 
substrates. 
Thicker substrates elevate the affinity for water and nutrients, and improve 
rooting condition for plants. This condition supports denser rooting in topsoil which 
is a viable erosion control strategy (Gyssels, 2003). However, steep gradients also 
increase the risks of substrate erosion and instability of the slope (Odemerho, 1986). 
The instability problem is aggravated by less effective root cohesion in thick and 
finely-textured soils (Waldron and Dakessian, 1982; Gabet and Dunne, 2002). 
Moreover, the building up of a perched water table on the shotcrete layer induces 
land-slipping (Low et al, 1999). 
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A balance should be drawn to making slope safe while optimizing vegetation 
growth. The trial study has clearly shown that 5-cm thick substrate is too shallow to 
retain adequate moisture for plant growth unless shallow-rooted species are used in 
replacement of the exotic grasses. 
7.2.3 Irrigation under the principle of "low maintenance" 
GEO guidelines for slope design emphasized the importance of low to no 
maintenance in species selection and post-establishment practices to reduce recurrent 
costs. However, suitable maintenance programme during the first year is essential for 
long-term success (Ashcroft, 1983). Irrigation and trimming are among the 
commonest management practices affecting grass development (Carrow et al., 2001). 
Water was found to be a critical factor in shaping vegetation performance. 
Seedling emergence depends heavily on adequate moisture in soils (Bayfield et al. 
1992) and plant photosynthetic production is limited by moisture (Winslow et al, 
2003). When there is not enough precipitation to sustain minimal vegetation growth, 
supplemental water applied in irrigation is required (Gibeault et al, 1989). The 
frequency and rate of irrigation should compensate evaporation loss, (Hillel, 1972) 
and be minimal for grass survival (Elwell and Stocking, 1976). It was found that 
weekly irrigation had no effects on moisture levels of the substrates and green 
coverage of the slopes. Indeed, frequent light rains are most effective in wetting soils 
with low permeability. 
Under the principle of low maintenance, irrigation should still be applied during 
establishment of the grasses and when vegetation starts to turn brown. The amount of 
water applied should overcome the quantity lost in evapotranspiration. Frequent and 
light irrigation is preferred to heavy and rapid irrigation that fails to wet the hardened 
substrate surface. 
7.3 Limitations of the study 
Although there were more than twenty slope bioengineering techniques 
developed in Hong Kong, only nine commonly adopted methods were evaluated in 
this study due to limited time and manpower. One difficulty encountered was the 
lack of an organized database containing information of the bioengineered slopes 
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currently managed by different governmental departments and private owners. The 
lack of information at the beginning of the study has made site selection difficult. 
The selection was only based on site visits and professional advice in the industry. It 
is also known that abiotic factors, such as gradient, orientation, age of slope and 
seasonal fluctuations of weather conditions, also influence substrate properties and 
vegetation performance. However, none of these factors were examined in the study. 
A retrospective approach had been adopted for the slope survey, resulting in the lack 
of valuable information pertaining to the details of establishment and maintenance. 
For instance, the basal dressing of fertilizers, types and periodic application rates, as 
well as irrigation practices were unknown. In the absence of these baseline 
information, the comparison of substrate properties and vegetation performance on 
different slopes were made difficult. 
Trial plots established on CUHK campus slope were intended to investigate 
substrate properties, effects of thickness and management practices on moisture 
fluxes and vegetation coverage. None of the trail plots were replicated as a result of 
limited resources and space. In addition, the monitoring period was only 9 months, 
which is not long enough to account for the effects of irrigation and trimming on 
slope performance. Much has been said about the adverse effect of surface crusting 
on water infiltration. Had the author been more experienced in this field, meticulous 
care would have been exercised in irrigating the plots. This shall include changing of 
the watering schedule from weekly basis to more frequent intervals to improve the 
effectiveness of irrigation. Furthermore, had the observation been extended to July 
2004, there will be a full-year observation of the performance of the experimental 
plots. In particular, recovery of the slope vegetation from the dry season will be 
understood better. 
Another technical problem of the study was the small sample size, both in the 
slope survey and experimental study. It is noted that substrates are heterogeneous in 
nature according to the pilot study. However, as most of the slopes are relatively 
small in size, intensive sampling was not permitted by the relevant government 
departments for fear of destabilizing the slopes. The problem was partly resolved by 
composite sampling, and yet overall standard deviations of the results were high. 
This observation re-affirms the fact that substrates were highly heterogeneous on the 
bioengineered slopes, as a result of different techniques, material composition, 
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establishment methods and intensity of culture. Another limitation is associated with 
the desktop analysis used for the assessment of green coverage. The protocol was not 
well-developed and results obtained merely served the purpose of comparisons 
among the plots. 
Water is a major limiting growth factor on slopes. It would be ideal if 
simultaneous measurements of substrate moisture can be undertaken on the 17 
surveyed slopes. However, this was impossible for the obvious reason of not having 
sufficient instrument. Furthermore, the slopes were distributed at various places in 
Hong Kong. A slight difference in the time of measurement in a day can already 
draw large variations due to evaporational loss. Likewise, the moisture contents were 
measured periodically on trial plots instead of continuously due to limited resources 
and the requirement of high power data transfer computation equipments. 
7.4 Suggestions for further research 
This study presents some preliminary findings on recent development of slope 
bioengineering works in Hong Kong, yet many questions remain unanswered. 
Further studies are therefore needed to improve our understanding of this important 
field. 
With the help of the compiled data file (GEO, 2003), a more comprehensive 
survey covering a wider range of bioengineering techniques should be carried out. 
Future studies should also consider the effects of abiotic factors, such as slope age, 
aspect and orientation, on slope performance. This will elucidate whether variations 
in slope performance are site-specific or a result of differing techniques. The recent 
shift to soil nailing instead of shotcreting should also open up a new frontier of 
research. While soil nailing is as effective as shotcreting in optimizing slope safety, 
how about its effect on vegetation performance? 
Although the present study revealed the physical and chemical properties of 
growth substrates, their long-term performances cannot be predicted. Continual 
monitoring of substrate and vegetation performance is thus crucial for the selection 
of technique in the future. Monitoring should investigate the effect of water 
availability on vegetation, influence of decomposing organic mulch materials, and 
minimal maintenance required to sustain plant growth. In particular, weathering of 
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the organic-rich substrate can destabilize the vegetation base and affect sustainability 
of the established slope. Vegetation coverage is the most direct and instant reflection 
of substrate properties. As most of these slopes are located in Hong Kong's urban 
area, it is worthwhile to also examine acceptance of the different techniques by the 
public. Public acceptability should also cover vegetation performance, including the 
texture, coverage, types, ecological values , etc. 
Revegetation of steep shotcreted slopes is always a challenge to the engineers, 
landscape architects and urban planners. Among the problems encountered in slope 
bioengineering, substrate quality is of paramount importance to the success of 
revegetation. More research is needed in this aspect, including material composition, 
optimal thickness, moisture and nutrient holding capacities, etc. Sludge is a potential 
soil amendment material that is rich in organic matter and nutrients. The only 
concern is heavy metals. Thus, the potential use of sludge in slope bioengineering 
also warrants our attention. 
Since no or limited fertilizers are applied onto the slopes after establishment, 
nutrient supply must be adequate to sustain long-term growth of the vegetation. More 
research is needed on the performance of slow-release fertilizers in particular 
substrates. The use of organic-rich substrates has many advantages, yet the impact 
arising from wide C:N ratios are often overlooked. We need information on the 
relationships between C:N ratio and the mineralization of N and P in the semi-natural 
environment. 
The study showed that substrates are compacted upon drying. The condition 
adversely affects root penetration and water infiltration that, in turn, determines 
vegetation performance. Are there any chemicals that can alleviate this compaction 
problem? What are the underlying causes of compaction development on these 
slopes? 
Last but not least, the search of appropriate species is crucial to continuous 
development of slope bioengineering technology. The research should target at the 
selection of native species that are low nutrient-demanding, drought-resistant and 
preferably shallow-rooted. Legumes with a capacity to fix atmospheric nitrogen is an 
added advantage. 
I l l 
REFERENCES 
AFCD and CAS (2002). Check list of Hong Kong Plants. Agriculture, Fisheries and 
Conservation Department, Hong Kong. 407pp. 
Ahn, T.B., Cho, S.D., and Yang, S.C. (2002). Stabilization of soil slope using 
geosynthetic mulching mat. Geotextiles and Geomembranes. 20: 135-146 
Albaladejo Montoro, J., Alvarez Rogel, J., Querejeta, J., Diaz, E. and Castillo, V. 
(2000). Three hydro-seeding revegetation techniques for soil erosion control on 
anthropic steep slopes. Land Degradation and Development. 11: 315-325. 
Allen, S.E., Grimshaw, H.M., Parkinson, J.A. and Quarmby, C. (1989). Chemical 
Analysis of Ecological Materials. Blackwell Scientific Publications, Oxford. 
Allmaras, R.R., Juzwik, J，Overton, R.P. and Copeland, S.M. (1993). Soil 
Compaction: Causes, Effects, Management in Bareroot Nurseries. Paper 
presented at the Northeastern and Intermountain Forest and Conservation 
Nursery Association Meeting, St Louis, Missouri, August 2-5, 1993. 
Anderson, J.M. and Ingram, J.S.I.. Eds. (1989). Tropical Soil Biology and Fertility: A 
Handbook of Methods. C.A.B. International. 
Andres, P. and Jorba, M. (2000). Mitigation strategies in some motorway 
embankments (Catalonia, Spain). Restoration Ecology. 8(3): 268-275. 
Ashcroft, B. (1983). Vegetation establishment on hostile sites. Hong Kong Engineer. 
11: 33-35. 
Baker, H.G. (1974). The evolution of weeds. Annual Review of Ecology and 
Systematics. 5: 1-24. 
Bache, D.H. and MacAskill, LA. (1984). Vegetation in Civil and Landscape 
Engineering. CIRIA, London, Chapter 2. 
Barker, D.H. (1988). Enhancement of slope stability by vegetation. Ground 
Engineering. 20: 11-15. 
Barker, D.H. (1994). The way ahead - continuing and future development in 
vegetative slope engineering or ecoengineering. In: Barker, D.H. (ed.), 
1 1 2 
Vegetation and Slopes: Stabilization, Protection and Ecology, Oxford, pp. 
238-257. 
Bayfield，N.G., Barker, D.H., and Yah, K.C. (1992). Erosion of road cuttings and the 
use if bioengineering to improve slope stability in Peninsular Malaysia. 
Singapore Journal of Tropical Geography, 13(2): 75-89. 
Bayfield, N.G. (1994). Species selection and management for slope revegetation 
projects In: Barker, D.H. (ed.)，Vegetation and Slopes: Stabilization, Protection 
and Ecology, Oxford, pp. 36-45. 
Beard, J.B. (1973). Turfgrass: Science and Culture. Prentice Hall, New Jersey, pp. 
100-109, 132-157. 
Bergstrom，L. (1987). Nitrate leaching and drainage from annual and perennial crops 
in tile-drained plots and lysimeters. Journal of Environmental Quality. 16(1): 
11-18. 
Bradshaw, A.D. (1999). The importance of nitrogen in the remediation of degraded 
land. In: Wong, M.H., Wong, J.W.C. and Baker, A.J.M. (eds). Remediation and 
Management of Degraded Lands. Lewis Publisher, Boca Raton, Fla. Chapter 
15. 
Brady, N.C. and Weil, R.R. (1999). The Nature and Properties of Soils. 
Prentice-Hall, U.S.A. 740 pp. 
Brand, E. W., Premchitt, J., and Phillipson, H.B. (1984). Relationship between 
rainfall and landslides in Hong Kong. In: Proceedings, International 
Symposium on Landslides, Volume 1. Toronto, pp. 377-384. 
Brofas, G. and Varelides, C. (2000). Hydro-seeding and mulching for establishing 
vegetation on mining soils in Greece. Land Degradation and Development. 11: 
375-382. 
Brown, F and Clark, J. (1994). The West Coast Road in St. Lucia, an approach to 
slope stabilization. In: Barker, D.H. (ed), Vegetation and Slopes: Stabilization, 
Protection and Ecology, Oxford, pp. 172-181. 
Bryan, R. (1996). Erosional response to variations in interstorm weathering 
conditions. In: Anderson, M.G. and Brooks, S.M. (eds). Advances in Hillslopes 
Processes, Volume 1. John Wiley, New York. pp. 589-612. 
113 
Burke, M.J.W. and Grime, J.P. (1996). An experimental study of plant community 
invisibility. Ecology. 77(3): 776-790 
Burket, J.Z. and Dick, R.P. (1997). Long-term vegetation management in relation to 
accumulation and mineralization of nitrogen in soils. In: Cadisch, G. and Giller, 
K.E. (eds). Driven by Nature - Plant Litter Quality and Decomposition. CAB 
International, Wallingford. pp. 283-296. 
Burnett, M.R., August, P.V, Brown, J.H. and Killingbeck, K.T. (1998). The 
influence of geomorphological heterogeneity on biodiversity. 1. A patch-scale 
perspective. Conservation Biology. 12(2): 363-370. 
Burt, T.P. and Slattery, M.C. (1996). Time-dependent changes in soil properties and 
surface runoff generation. In: Anderson, M.G. and Brooks, S.M. (eds). Advances 
in Hillslopes Processes, Volume 1. John Wiley, New York. pp.79-95. 
Calmon, M.A. and Day, R.L. (1999). Sampling period intervals for monitoring water 
table dynamics in perched water table systems. Soil Science. 164(10): 740-749. 
Campbell, B.D. and Grime, J.P. (1992). An experimental test of plant strategy theory. 
Ecology. 73(1): 15-29 
Cano, A., Navia, R., Amezaga, I, and Montalvo, J. (2002). Local topoclimate effect 
on short-term cutslope reclamation success. Ecological Engineering. 18: 
489-498. 
Carrow, R.N., Waddinton, D.V., Rieke, P.E. (2001). Turfgrass Soil Fertility and 
Chemical Problems. Assessment and Management. John Wiley and Sons, 
Canada. 400pp. 
CED (2002). General Information, http: //www .info.gov.hk/ced/ Document 
Download Date: 28/11/2002 
Chapin, F.S. (1983). Patterns of nutrient absorption and use by plants from natural 
and man-modified environments. In: Mooney, H.A. and Gordon, M. (eds). 
Disturbance and Ecosystems: Components of Response. Berlin, Springer-verlag. 
pp. 175-187. 
Chatteijea, K. (1989). Surface wash: the dominant geomorphic process in the 
surviving rainforest of Singapore. Singapore Journal of Tropical Geography. 
10(2): 95-109. 
1 1 4 
Chau, K.C. and Marafa, L.M. (1999). Vegetation chronosequence in Hong Kong: 
soil properties and successional development. Singapore Journal of Tropical 
Geography. 20(1): 24-35. 
Clarkson, D.T., Kuiper, PJ.C. and Luttge, U. (1986). Mineral nutrition: sources of 
nutrients for land plants form outside the pedosphere. Progress in Botany. 48: 
80-96. 
Conover, D.G and Geiger，D.R. (1989). Establishment of a prairie on a borrow-pit 
site at the Bergamo-Mt. St. John Nature Preserve in Greene County, Ohio. Ohio 
Journal of Science. 89(3): 42-44. 
Coppin, N.J. and Richards, I.G. (1990). Use of Vegetation in Civil Engineering. 
CIRIA, London, Chapter 1. 
Das, B.S., Wraith, J.M. and Inskeep, W.P. (1999). Nitration concentrations in the 
root zone estimated using time domain reflectometry. Soil Science Society of 
American Journal. 63: 1561-1570. 
Diaz, E., Roldan, A., Lax, A., and Albaladejo, J. (1994). Formation of stable 
aggregates in degraded soil by amendment with urban refuse and peat. 
Geoderma. 63: 277-288 
Diaz, E., Roldan, A, Castillo, V and Albaladejo, J. (1997). Plant colonization and 
biomass production in a xeric torriorthent amended with urban soil refuse. Land 
Degradation and Development. 8: 245-255 
Eastham, J. and Gregory, P.J. (2000). The influence of crop management on the 
water balance of lupin and wheat crops on a layered soil in a Mediterranean 
climate. Plant and Soil. 221: 239-251 
Elwell, H.A. and Stocking, M.A. (1976). Vegetal cover to estimate soil erosion 
hazard in Rhod. Geoderma. 15: 61-70. 
Elias, C.O. and Chadwick, M.J. (1979). Growth characteristics of grass and legume 
cultivars and their potential for land reclamation. Journal of Applied Ecology. 
16: 537-544 
Evans, N.C. and Lam, J.S. (2003). Soil Moisture Conditions in Vegetated Cut Slopes 
and Possible Implications for Stability. GEO Report No. 140. Geotechnical 
Engineering Office, Hong Kong. 
115 
Faulkner, H. (1990). Vegetation cover density variations and infiltration patterns on 
piped alkali sodic soils: implications for the modeling of overland flow in 
semi-arid areas. In: Thomes, J.B.(ed). Vegetation and Erosion: Processes and 
Environments. John Wiley, New York. Ch. 20. 
Florineth, F. (1994). Erosion control above the timberline in South Tyrol, Italy. In: 
Barker, D.H. (ed), Vegetation and Slopes: Stabilization, Protection and Ecology. 
Oxford, pp. 85-94. 
Gabet，E.J. and Dunne, T. (2002). Landslides on coastal sage-scrub and grassland 
hillslopes in a severe El Nino winter: the effects of vegetation conversion on 
sediment delivery. Geological Society of America Bulletin. 114(8): 983-990. 
GEO (2000a). Geotechnical Manual for Slopes. Geotechnical Engineering Office, 
Hong Kong. 
GEO (2000b). Highway Slope Manual Geotechnical Engineering Office, Hong 
Kong. Chapter 6. 
GEO (2000c). Technical Guidelines on Landscape Treatment and Bio-engineering 
for Man-made Slopes and Retaining Walls. GEO Publication #1/2000. 
GEO (2001a). Review of Effective Methods of Integrating Man-made Slopes and 
Retaining Walls (particularly for Roadside Slopes) into their Surroundings. 
GEO Report No. 116. Geotechnical Engineering Office, Civil Engineering 
Department, Hong Kong. 212pp. 
GEO (2001b). Surface Protection and Appearance of Slopes. Information Note 
13/2001. Geotechnical Engineering Office, Hong Kong. 
GEO (2003a). Guide to Slope Maintenance. Geotechnical Engineering Office, Hong 
Kong. 133 pp. 
GEO (2003b). Updating of GEO Report No. 56: Application of Prescriptive 
Measures to Slopes and Retaining Walls (Second Edition). The Government of 
the Hong Kong Special Administrative Region. 4 pp. 
GEO (2003c). Unpublished slope database. Geotechnical Engineering Office, Hong 
Kong. 
GEO (2004). Slope Information System. 
http://hkss.ced.gov.hk/hkss/eng/slopeinfo/index.htm 
Document updated on: 01/12/2003 
1 1 6 
Gibeault, V.A., Cocker-ham, S, Henry, J.M. and Meyer, J. (1989). California 
turfgrass: it's use, water requirement and irrigation. California Turfgrass 
Culture. 39(3/4): 1-9. 
Goss, R.L. (1972). Nutrient uptake and assimilation for quality turf versus maximum 
vegetative growth. In: Youngner, V.B. and McKell, C.M. (eds). The Biology and 
Utilization of Grasses. Academic Press, New York and London, pp. 260-269. 
Goulding, K.W.T., Matchett, L.S., Heckrath, G, Webster, C.R, Brookes, RC. and 
Burt, TP. (1996). Nitrogen and phosphorus flows from agricultural hillslopes. In: 
Anderson, M.G. and Brooks, S.M. (eds). Advances in Hillslopes Processes, 
Volume 1. Chapter 9 
Gray, D.H. (2001). Biotechnical slope protection and erosion control. In: Wu, S.M., 
Zhang, W.H., Woods, R.D. (eds). A Look Back for Future Geotechnics. A.A. 
Balkema, Rotterdam, pp. 1-13 
Gray, D.H. and Sotir, R.B. (1992). Biotechnical stabilization of highway cut slope. 
Journal of Geotechnical Engineering. 118(9): 1395-1409. 
Gray, D.H. and Sotir, R.B. (1996). Biotechnical and Soil Bioengineering Slope 
Stabilization: A Practical Guide for Erosion Control. John Wiley & Sons，New 
York. 378pp. 
Greenway, D.R., Anderson, M.G., and Brain-Boys, K.C. (1984). Influence of 
vegetation on slope stability in Hong Kong. In: Proceedings of the /力 
International Symposium on Landslides, Toronto, pp. 399-404. 
Greenway, D.R. (1989). Biotechnical slope protection in Hong Kong. In: 
Proceedings of the Annual Conference and Exposition of the Erosion 
Control Association, Vancouver, pp. 401-411. 
Greipsson, S. and El-Mayas, H. (1999). Large-scale reclamation of barren lands in 
Iceland by aerial seeding. Land Degradation and Development. 10: 185-193. 
Grime, J.P. (1979). Plant Strategies and Vegetation Processes. John Wiley and Sons, 
New York. 222 pp. 
Guan, D.S. and Peart, M.R. (1996). The selection of an optimum size and number of 
quadrat for sampling the biomass in the grassland and femland of Hong Kong. 
Acta Scientiarum Naturalium Universitatis Sunyatseni. 35(2): 118-123. 
1 1 7 
Gyssels, G. and Poesen, J. (2003). The importance of plant root characteristics in 
controlling concentrated flow erosion rates. Earth Surface Processes and 
Landforins. 28: 371-384. 
Hambler, D.J., Dixon, J.M. and Cotton, D.W. (1990). The relative potentials of six 
grass cultivars for rehabilitation and stabilization of a limestone quarry 
spoil-bank. Environmental Conservation. 17(2): 149-156. 
Heathwaite, A丄.，Burt, T.R, and Trudgill, S.T. (1990). The effect of land use on 
nitrogen, phosphorus and suspended delivery to streams in a small catchment in 
southwest England. In: Thomes, J.B. (ed). Vegetation and Erosion: Processes 
and Environments. John Wiley, New York. pp. 161-177. 
Helliwell, D.R. (1994). Rooting habits and moisture requirements of trees and other 
vegetation. In: Barker, D.H. (ed.). Vegetation and Slopes: Stabilization, 
Protection and Ecology, Oxford, pp. 260-263. 
Highways Department (2003). Review on Interim Performance of Various 
Proprietary Soft Landscape Treatment under Trial on HyD Slopes. Highways 
Department, Hong Kong. 31 pp. 
Hill, R.D. and Peart, M.R. (1999). Vetiver grass for erosion control, Hong Kong and 
Guizhou, China. In: Wong, M.H., Wong, J.W.C., and Baker, A.J.M (eds.), 
Remediation and Management of Degraded Lands. Lewis Publishers, Boca Raton, 
Fla. pp. 295-304. 
Hilhorst, H.W.M. and Toorop, P.E. (1997). Review on dormancy, germinability, and 
germination in crop and weed seeds. Advances in Agronomy. 61: 111-165 
Hillel, D. (1972). Soil moisture control for maximum grass response. In: Youngner, 
V.B. and McKell, C.M. (eds). The Biology and Utilization of Grasses. 
Academic Press, New York and London, pp. 260-269. 
Hobbs, R.J. and Huenneke, L.F. (1992). Disturbance, diversity and invasion: 
implications for conservation. Conservation Biology. 6(3): 324-337 
Hong Kong Construction Ltd. (2004). Geofiber — Composite Soil Reinforcement 
Method. Hong Kong Construction Limited. 
Hong Kong Herbarium, AFCD (2003). Hong Kong Herbarium Plant Database. 
http://www• hkherbarium.net/Herbarium/frame.html. Last updated: 2003 
1 1 8 
Hong Kong Observatory (2002). http://www.weather.gov.hk/wxinfo/ Document 
Download Date: 4 January, 2003 
Hong Kong Observatory (2003). Climate of Hong Kong. 
http://www.weather.gov.hk/wxinfo/climat/climahkc.htm. Last updated: 4 May 
2003 
Homung, M. (1990). Nutrient losses from ecosystems. In: Harrison, A.F., Ineson, P. 
and Heal, O.W. (eds). Nutrient Cycling in Terrestrial Ecosystems. Field 
Methods, Application and Interpretation. Elsevier Applied Science. London, 
New York. Pp. 75-79. 
Hsu, S.L, Lam, K.C. and Chan, K.S. (1983). A Study of Soil Moisture and Runoff 
Variation in Hillslopes. Department of Geography, the Chinese University of 
Hong Kong. 
Huenneke, L.F., Hamburg, S.P., Koide, R.，Mooney, H.A. and Vitousek, P.M. (1990). 
Effects of soil eesources on plant invasion and community structure in 
California serpentine grassland. Ecology. 71(2): 478-491. 
Jones, D丄.(1987). Encyclopedia of Ferns. Lothian Publishing Company, Australia. 
Ch. 31 and 40. 
Kamok, K. (1998) Principles of turfgrass management - an independent study course 
offered by the Professional Lawn Care Association of America and the 
University of Georgia, Georgia Center for Continuing Education, USA: PLCAA. 
The University of Georgia. 
Kershaw, K.R., Mitchley, J., Buckley, G.P. and Helliwell, D.R. (1994). Slope 
protection and establishment of vegetation on channel tunnel spoil in an 
environmentally sensitive coastal site. In: Barker, D.H. (ed), Vegetation and 
Slopes: Stabilization, Protection and Ecology. Oxford, pp.115-126. 
Khaleel, R., Reddy, K.R. and Overcash, M.R. (1981). Changes in soil physical 
properties due to organic waste applications: a review. Journal of 
Environmental Quality. 10(2): 133-141 
Landon, J.R. (1991). Booker Tropical Soil Manual: A Handbook for Soil Survey and 
Agricultural Land Evaluation in the Tropics and Subtropics. Longman Group 
Ltd., England. Ch. 6-7. 
1 1 9 
Lee, W.Y.I. (1985). A review of vegetative slope stabilization. Hong Kong Engineer. 
13(7): 9-21 
Lee, C.F. and Chen, H. (1997). Landslides in Hong Kong — causes and prevention. 
Acta Geographica Sinica. 52:114-121. 
Low, T.H., Faisal, H.A., Saravanan, M. and Phang, K.S. (1999). Effects of perched 
water table on slope stability in unsaturated soils. In: Yagi, N., Yamagami, T. 
and Jiang, J.C. (eds), Slope stability engineering: proceedings of the 
International Symposium on Slope Stability Engineering. A.A. Balkema, 
Brookfield, pp. 393-397. 
Maher, M.H. and Gray, D.H. (1990). Static response of sands reinforced with 
randomly distributed fibers. Journal of Geotechnical Engineering. 116(11): 
1661-1677 
McConnell, J. and Muniappan, R. (1991). Introduced ornamental plants that have 
become weeds on Guam. Micronesica Suppl. 3: 47-49. 
McKell, C.M. (1972). Seedling vigor and seedling establishment. In: Youngner, V.B. 
and McKell, C.M. (eds). The Biology and Utilization of Grasses. Academic 
Press, New York and London, pp. 76-87. 
McLendon, T. and Redente, E.F. (1991). Nitrogen and phosphorus effects on 
secondary succession dynamics on a semi-arid sagebrush site. Ecology. 72(6): 
2016-2024. 
Merlin, G., Di-Gioia, L. and Goddon, C. (1999). Comparative study of the capacity 
of germination and of adhesion of various hydrocolloids used for 
revegetalization by hydroseeding. Land Degradation and Development. 10: 
21-34. 
Morgon, R.P.C. and Rickson, RJ. (1995). Slope Stabilization and Erosion Control: 
A Bioengineering Approach. E&FN Spon, London. Chapter 4. 
Miller, P.C. (1983). Comparison of water balance characteristics of plant species in 
"natural" versus modified ecosystems. In: Mooney, H.A. and Gordon, M. (eds). 
Disturbance and Ecosystems: Components of Response. Berlin, Springer-verlag. 
Pp. 188-212 
1 2 0 
Montalvo, A.M., McMillan, P.A., and Allen, E.B. (2002). The relative importance of 
seeding method, soil ripping, and soil variables on seeding success. Restoration 
Ecology. 10(1): 52-67 
Morgan, R.P.C. (1995). Soil Erosion and Conservation. New York, J. Wiley, pp. 
122-127 
Muzzi, E., Roffi, R, Sirotti, M. and Bagnaresi, U. (1997). Revegetation techniques 
on clay soil slopes in northern Italy. Land Degradation and Development. 8: 
127-137. 
Nam Fung Yuen. (2004). NFY Mulching Systems Pamphlets. Hong Kong. 
Ng, S.L. (2003). Slope improvement and bio-mitigation measures in Hong Kong. 
Journal of Soil and Water Conservation. 17(3): 82-85. 
Nichols, W.F” Killingbeck, K.T. and August, P.V. (1998). The influence of 
geomorphological heterogeneity on biodiversity. 11. a landscape perspective. 
Conservation Biology. 12(2): 371-379 
Nishigata, T. and Nishida, K. (1999). Reinforcement mechanism in soil nailing for 
stabilization of steep slopes. In: Yagi, N., Yamagami, T. and Jiang, J.C. (eds), 
Slope Stability Engineering: Proceedings of the International Symposium on 
Slope Stability Engineering. A.A. Balkema, Brookfield. pp. 1065-1070. 
Odemerho, F.O. (1986). Variation in erosion-slope relationship on cut-slopes along a 
tropical highway. Singapore Journal of Tropical Geography. 7(2): 98-107. 
Pagliai, M and Vittori Antisari, L. (1993). Influence of waste organic matter on soil 
micro- and macro structure. Bioresource Technology. 43: 205-213 
Paschke, M.W., DeLeo, C., and Redente，E.F. (2000). Revegetation of roadcut slopes 
in Mesa Verde National Park, U.S.A. Restoration Ecology. 8(3): 276-282 
Pegasus Greenland (2004). On Method Pamphlets. Hong Kong 
Pichtel, J.R., Dick, W.A. and Sutton, P. (1994). Comparison of amendments and 
management practices for long-term reclamation of abandoned mine lands. 
Journal of Environmental Quality. 23: 766-772. 
Rickson, R.J. (1990). The role of simulated vegetation in soil erosion control. In: 
Thomes, J.B.(ed). Vegetation and Erosion: Processes and Environments. John 
Wiley, New York. Ch. 8. 
121 
Roberts, R.D. and Bradshaw, A.D. (1985). The development of a hydraulic seeding 
technique for unstable sand slopes. 11. field evaluation. Journal of Applied 
Ecology. 22: 979-994. 
Scullion, J. (1992). Re-establishing life in restored topsoils. Land Degradation & 
Rehabilitation. 3: 161-168 
Sheldon, J.C. and Bradshaw, A.D. (1977). The development of a hydraulic seeding 
technique for unstable sand slopes. Journal of Applied Ecology, 14: 905-918. 
Silvertown, J, Dodd, M.E., McConway, K.，Potts, J. and Crawley, M. (1994). 
Rainfall, biomass variation, and community composition in the park grass 
experiment. Ecology. 75(8): 2430-2437. 
Smith, J.A., Schuman, G.E., De Puit, E.J. and Sedbrook, T.A. (1985). Wood residue 
and fertilizer amendment of bentonite mine spoils: 1. spoil and general 
vegetation responses. Journal of Environmental Quality. 14(4): 575-580. 
Soane, B.D. (1990). The role of organic matter in soil compactibility: a review of 
some practical aspects. Soil and Tillage Research. 16: 179-201. 
So, C.L. (1993). Hong Kong slope problems. In: So, C.L. and Chen, J.Y. (eds), Di li 
yan jiu yu fa zhan: di li yan jiu yu fa zhan yan tao hui lun wen ji. Hong Kong 
University Press, Hong Kong. pp. 205-219. 
Tester, C.F. (1990). Organic amendment effects on physical and chemical properties 
of a sandy soil. Soil Science Society of America Journal. 54: 827-831 
Thompson, K, Hodgson, J.G., Grime, P. and Burke, M.J.W. (2001). Plant traits and 
temporal scale: evidence from a 5-year invasion experiment using native species. 
Journal of Ecology. 89: 1054-1060. 
Tilman, D. (1993). Species richness of experimental productivity gradients: how 
important is colonization limitation? Ecology. 74(8): 2179-2191. 
Tilman, D. and El Haddi, A. (1992). Drought and biodiversity in grasslands. 
Oecologia. 89: 257-264. 
Toyo Greenland Ltd (2004). Toyo-mulching Systems Promotional Pamphlets. Hong 
Kong 
Urbanska, K.M. (1997). Safe sites — interface of plant population ecology and 
restoration ecology. In: Urbanska, K.M., Webb, N.R. and Edwards, P.J.(eds). 
1 2 2 
Restoration Ecology and Sustainable Development. Cambridge University Press, 
Cambridge, pp. 81-110 
Waldron, L.J. and Dakessian, S. (1982). Effect of grass, legume, and tree roots on 
soil shearing resistance. Soil Science Society of American Journal. 46: 894-899. 
Watson, J.R. (1972). Effects on turfgrass of cultural practices in relation to 
microclimate. In: Youngner, V.B. and McKell, C.M. (eds). The Biology and 
Utilization of Grasses. Academic Press, New York and London, pp. 203-210. 
Westman, W.E. (1991). Ecological restoration projects: measuring their performance. 
The Environmental Professional. 13: 207-215. 
Windsor, D.M. and Clements, A. (2001). A germination and establishment field trial 
of Themeda australis (Kangaroo Grass) for mine site restoration in the central 
tablelands of New South Wales. Restoration Ecology. 9(1): 104-110 
Winslow, J.C.，Hunt, E.R. and Piper, S.C. (2003). The influence of seasonal water 
availability on global C3 versus C4 grassland biomass and its implications for 
climate change research. Ecological Modelling. 163: 153-173. 
Winter, EJ . (1974). Water, Soil and the Plant. London, Macmillan. Ch. 3 & 4. 
Wolf, D.D., Blaser, R.E., Morse, R.D. and Neal, J.L. (1984). Hydro-application of 
seed and wood-fiber slurries to bind straw mulch. Reclamation and 
Revegetation Research. 3: 101-107 
Wood, D.M. (1981). To chunam or not to chunam — interactions of politics and slope 
stability. Ground Engineering. 14(1): 28-30 
Wood, D.M. and Morris, W.F. (1990). Ecological constraints to seedling 
establishment on the pumice plains, Mount St. Helens, Washington. American 
Journal of Botany. 77(11): 1411-1418 
Wong, H.N., Ho, K.K.S., Pun, W.K. and Pang, P.L.R. (1998). Observations from 
some landslide studies in Hong Kong. In: Li, K.S., Kay, J.N. and Ho, K.K.S. 
(eds.), Slope Engineering in Hong Kong. A.A. Balkema, Hong Kong. pp. 
277-286. 
Works Branch (1993). Control of Visual Impact of Slopes (Works Branch Technical 
Circular No. 25/93). Works Branch, Government Secretariat, Hong Kong. Ip 
plus an appendix. 
1 2 3 
Works Bureau (2000). Improvement to the Appearance of Slopes (Works Bureau 
Technical Circular No. 17/2000). Works Bureau, Government Secretariat, Hong 
Kong. 5pp. 
Yoon, RK. (1994). Important biological considerations in use of Vetiver grass 
hedgerows (VGHR) for slope protection and stabilization. In: Barker, D.H. (ed.), 
Vegetation and Slopes: Stabilization, Protection and Ecology, Oxford, pp. 212 
- 2 2 
Zimmerman, J.C., DeWald, L.E. and Rowlands, RG. (1999). Vegetation diversity in 
an interconnected ephemeral riparian system of North-Central Arizona, USA. 
Biological Conservation. 90: 217-228. 
1 2 4 
Appendix 2.1 Specifications of proprietary products 
Geofiber 
口 Continuous fiber soil reinforcement technology 
° Jetting sand and continuous thread together to increase shear strength 
口 Components of the reinforced soil base (per 1 m^) 
V sand 
^ polyester 150d at 3.3 kg m'^ 
V 1-2 unit organic fertilizer block per m 
V 10-20 kg high strength cement (decomposed granite) per m^ 
• Components of the vegetation base 
Z Peat moss at 80 litre m" 
Z Bonding agent (synthetic resin) at 40 g m" 
V Slow-releasing fertilizer (N:P:K 15:15:15) 200 gm'^ 
^ Grass seeds — Common Bermudagrass at 15 g m'^, Bahiagrass at 10 g m"^ ; 
Perennial Ryegrass at 5 g m' (for winter over-seeding only) 
(extracted from Hong Kong Construction Ltd. 一 Geofiber pamphlets) 
NFY Mulching Panel System 
口 Mulching composition 
Z Soil condition 
Fertilizer 
V Special soil nutrient 
Z Matric materials 
Water retain additive 
° Seeding mix 
^ Seeds as specified by project proponent, 
Z Fertilizer 
Soil 
口 Geotextile mat laid on top to prevent soil loss 
(extracted from NFY Mulching systems pamphlets) 
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ON Method 
口 Composition of vegetation base 
V Urea-hydrophilic resins 
^ Peat moss, bark compost and other organic substances 
^ Long-lasting nitrogen fertilizers 
V Alkali-neutralizing agent 
口 Cement added to adhere the vegetation base to shotcrete surface 
° Average thickness on slopes 6-10cm 
(extracted from Pegasus Greenland -ON Method pamphlets) 
TOYO-mulching 
° First applied in the project of Smithfield Road, Hong Kong, contract no. 
HY/94/20. 
口 Combines geo-synthetic concept with bioengineering and horticulture 
口 Soft Components ~ soil factor, grass seeds, fertilizer strip, and climber 
sprig 
口 Hard Components ~ turf reinforcement mat, geomat, anchor bars, cement/sand 
口 Soil-Factor 
pH Moisture Organic matter Carbon TKN C:N ratio 
content content content Content 
6.0-7.5 30%-35% 50%-90% 40%-60% 0.1-1.5% 35:1-50:1 
V Peatmoss 
V Wood Chip Compost 
Fertilizer 
- C h e m i c a l fertilizer (N:P:K= 13:3:11) 
- C h e m i c a l fertilizer (N:P:K = 4:17:4) 
- Perlite powder 
- Acrylic polymer granules 
- Bonding Agent — Basesoiler 
- Germination stimulator - Kemikaruti 
口 Geo-synthetic mat used to secure planting medium on the steep slopes and 
prevent being washed out in rainstorm 
(extracted from TOYO Greenland — Toyo-mulching pamphlets) 
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Appendix 3.1 Detailed colorimetric methods for laboratory determination of 
mineral nitrogen and phosphorus 
I. Colorimetric determination of NH4-N 
Chemicals 
1. Sodium hydroxide, O.IM (carbon dioxide free) 
2. Ammonia indicator mixture (Tecator, order no. 5000-0295) 
3. Ammonium nitrate, NH4NO3 
4. Potassium chloride, KCl 
Reagents 
Carrier C: 
Potassium chloride solution, 1.9M (for preparation of standards and carrier): 
Dissolve 149.1 gm KCl in about 800 ml distilled water, and dilute to 1000 ml 
with distilled water. Mix well and degas. 
Reagent Rl: 
Sodium hydroxide, O.IM (carbon dioxide free). Degas. 
Indicator stock solution: 
1 gm ammonia indicator mixture is dissolved in 5 ml O.IM NaOH and diluted to 
200 ml with distilled water. 
Reagent R2: 
Pipette 10 ml indicator stock solution in 500 ml volumetric flask. Dilute to the 
mark with 2M potassium chloride solution. Mix well and degas. 
Remarks: 
The Reagent R2 must be adjusted so that its absorbance is in the range 0.30 一 
0.50 using water as a reference. This adjustment is performed by drop wise 
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addition of diluted NaOH (or HCl). The linearity of the calibration graph is 
depending on this adjustment. 
Standards 
1. Standard stock solution, 200 mg/1 NH4-N: Dissolve 1.143 gm NH4NO3 in 
distilled water and make up to 1000 ml in a volumetric flask. Mix well. 
2. Interim standard solution, 10 mg/1 NH4-N: Pipette 5 ml of the 200 mg/1 NH4-N 
solution into a 100 ml volumetric flask and make up to the mark with 2M KCl. 
Mix well. 
3. Pipette 5, 10, 15 20 ml of the 10 mg/1 NH4-N solution into labelled 50 ml 
volumetric flasks. Compensate the standards as indicated in the solution 
preparation stage. Make up to the mark with 2M KCl and mix well. These are 
the working standards and contain 1, 2, 3，4 mg/1 NH4-N. 
Measurement 
The soil sample extracts and working standards are injected into a carrier stream 
(C) and mixed with sodium hydroxide (Rl). The joint stream passes along a 
PTFE membrane in a gas diffusion cell. The ammonia gas formed diffuses 
through the membrane into an indicator stream. The resulting color change of the 
indicator is measured at absorbance readings of 590 nm. 
Calculation 
丽 N(路丨丨容)—(C-B)xV 
4 (W - Moisture) 
Where, C 二 Concentration of NH4-N (mg/1) 
B = Blank (mg/1) 
V = Final extract volume (ml) 
W = Weight of soil (gm) 
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II. Colorimetric determination of NO3-N 
Chemicals 
1. Sulphanilamide C6H8N2O2S (SA) 
2. N-( 1 -Naphtyl)-ethylenediamine dihydrochloride C12H14 N2 x 2HC1 (NED) 
3. Hydrochloric acid, conc. 
4. Ammonium nitrate, NH4NO3 
5. Ammonium chloride, NH4CI 
6. Cadmium, granules 0.2 — 2.0 mm 
7. Potassium chloride, KCl 
8. Potassium chloride solution, 2M (for preparation of standards and carrier): 
Dissolve 149.1 gm KCl in about 800 ml distilled water, and dilute to 1000 ml 
with distilled water. 




Dilute 10 ml 5M NH4CI solution to 500 ml with 1.9M KCl. Mix well and degas. 
Reagent R1: 
Dissolve 5 gm Sulphanilamide (SA) in a mixture of 26 ml con. HCl and 300 ml 
distilled water. Fill up to 500 ml with distilled water. Mix well and degas. This 
solution is stable for several months. 
Reagent R2: 
Dissolve 0.5 gm NED in 500 ml distilled water. Mix well and degas. To be kept 
in an amber bottle. This solution should be freshly prepared every week. 
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Standards 
1. Standard stock solution, 200 mg/1 NO3-N: Dissolve 1.143 gm NH4NO3 in 
distilled water and make up to 1000 ml in a volumetric flask. Mix well. 
2. Interim standard solution, 10 mg/1 NO3-N: Pipette 5 ml of the 200 mg/1 NH4-N 
solution into a 100 ml volumetric flask and make up to the mark with 1.9M KCl. 
Mix well. 
3. Pipette 1, 3, 5, 7 ml of the 10 mg/1 NO3-N solution into labeled 50 ml volumetric 
flasks. Compensate the standards as indicated in the solution preparation stage. 
Make up to the mark with 1.9M KCl and mix well. These are the working 
standards and contain 0.2, 0.6, 1.0, 1.4 mg/1 NO3-N. 
Measurement 
The soil sample extract and standards containing nitrate are injected into a carrier 
stream (C). The nitrate is reduced to nitrite in a cadmium reductor. On the 
addition of acidic sulphanilamide (Rl) a diazo compound is formed, which then 
reacts with R2 provided from a second merging stream. A purple azo dye is 
formed, the color intensity which is measured at absorbance readings of 540 nm. 
Calculation 
, � (C-B)xV NOrN(囊、“Lure) 
Where, C = Concentration of NO3 -N (mg/1) 
B 二 Blank (mg/1) 
V = Final extract volume (ml) 
W 二 Weight of soil (gm) 
130 
III. Determination of orthophosphate based on the stannous chloride method 
using flow injection analysis 
• Mix 2ml of sample with 4ml of 0.5 HCl before measuring with FIA. 
• Ammonium molybdate reacts with orthophosphate to form the heteropoly-
molybdophosphoric acid, which is reduced in a second step to phospho-
molybdenum blue by stannous chloride in a sulfuric acid medium. The intensive 
blue color of the formed heteropoly compound is measured at 690 nm. 
Chemicals 
1. Ammoniummolybdate, (NH4)6Mo7024 x 4 H2O 
2. Stannous chloride, SnCli x 2 H2O 
3. Hydrazinium sulphate, N2H6SO4 
4. Anhydrous potassium dihydrogen phosphate, KH2PO4 
5. Sulfuric acid, conc. H2SO4 
6. 0.5M hydrochloric acid, HCl 
Reagents 
Carrier C: 
300 ml ammonium lactate solution + 600 ml 0.5M HCl. Mix well and degas. 
Reagent Rl: 
Dissolve 5 gm ammoniummolybdate, (NH4)6Mo7024 x 4 H2O in a mixture of 
17.5 ml con. H2SO4 and 300 ml distilled water. Fill up to 500 ml with distilled 
water. Mix well. Store in the dark. 
Reagent R2: 
Dissolve 0.1 gm stannous chloride, SnCh x 2 H2O and 1 gm Hydrazinium 
sulphate in a mixture of 14 ml con. H2SO4 and 300 ml distilled water. Fill up to 
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500 ml with distilled water. Mix well. (Caution: prepare immediately before 
use). 
Standards 
1. Standard stock solution, 100 mg/1 PO4-P： Dissolve 0.4393 gm dry KH2PO4 in 
distilled water and make up to 1000 ml in a volumetric flask. Mix well. 
3. Interim standard solution, 10 mg/1 PO4-P： Pipette 10 ml of the 100 mg/1 NH4-N 
solution into a 100 ml volumetric flask and make up to the mark with Carrier C. 
Mix well. 
4. Pipette 1, 2, 3, 4, 5 ml of the 10 mg/1 PO4-P solution into labeled 50 ml 
volumetric flasks. Make up to the mark with Carrier C and mix well. These are 
the working standards and contain 0.2, 0.4, 0.6, 0.8, 1.0 mg/1 PO4-P. 
Sample extracts dilution 
1 ml filtrate is diluted with 2 ml 0.5M HCl. 
Calculation 
, , \ (C-B)xVxE 
(W - Moisture) 
Where, C 二 Concentration of PO4-P (mg/1) 
B = Blank (mg/1) 
V 二 Final extract volume (ml) 
E = dilution factor (in this case 3:1) 
W = Weight of soil (gm) 
Reference: 
Anderson, J.M. and Ingram, J.S.L. Eds. (1989). Tropical Soil Biology and Fertility: 
A Handbook of Methods. C.A.B. International. 
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Appendix 3.2 Species encountered in general survey 
Native/ 
Species Name Chinese Name Family Habitat 
P Exotic 
Acacia confusa 台灣相思 MIMOSACEAJE Tree E 
Acacia sp. 金合歡屬 MIMOSACEAE Tree E 
Ageratum conyzoides 勝紅薊 ASTERACEAE Herb E 
Amaranthus blitum 凹頭竟 AMARANTHACEAE Herb N 
Amaranthus viridis 綠竟 AMARANTHACEAE Herb N 
Aplinia sp. 山薑屬 ZINGIBERACEAE Herb --
Begonia sp. 秋海棠屬 BEGONIACEAE Shrub --
Berchemiafloribunda 多花勾兒茶 RHAMNACEAE Climber/Vine N 
Bidens alba 白花鬼針草 ASTERACEAE H ^ E 
Bidens sp. 鬼針草屬 ASTERACEAE ^ -
Blumea sp. 艾納香屬 ASTERACEAE -_ 
Bombojc ceiba 木棉 BOMBACACEAE Tree E 
Borreria latifolia 闊葉豐花草 RUBIACEAE ^ N 
Borreria stricta 豐花草 RUBIACEAE N 
Broussonetia papyrifera 構樹 MORACEAE Tree N 
Buddleja asiatica 白背楓 BUDDLEJACEAE S ^ N  
Celtis sp. 朴屬 ULMACEAE T ^ " 
Conyza sp. 白酒草屬 ASTERACEAE ^ " 
Conyza sumatren: 蘇門白酒草 ASTERACEAE E  
Cuphea sp. 萼距花屬 LYTHRACEAE S l ^ -
Cyclosorus parasiticus 
(Christella parasitica) 金星草 THELYPTERIDACEAE Herb/Fern N 
Cynodon dactylon '祥根草 GRAMINEAE Herb E 
Cyperus compressus 扁穗莎草 CYPERACEAE Herb N  
Cyperus iria 碎米莎草 CYPERACEAE Herb N  
Cyrtococcum patens 弓果黍 GRAMINEAE Herb N  
Digitaria ciliaris 升馬唐 GRAMINEAE ^ N  
Digitaria sp. 馬唐屬 GRAMINEAE ^ " 
Duranta erecta 假連翹 VERBENACEAE Climbing Shrub E 
Echinochloa colona 光頭稗 GRAMINEAE t ^ b E 
Elephantopus tomentosus 白花地膽草 ASTERACEAE Herb N 
Eleusin indica 牛筋草 ASTERACEAE ^ N  
Emilia sonchifolia 一點紅，雞腳草 ASTERACEAE Herb N 
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Native/ 
Species Name Chinese Name Family Habitat 
Exotic 
Eupatorium catarium 假臭草 ASTERACEAE Herb E 
Ficus hispida 對葉榕 MORACEAE Shrub to small tree N 
Ficus sp. 榕屬 MORACEAE Tree --
Hedyotis coiymbosa 傘房花耳草 RUBIACEAE Herb N 
Ipomoea sp. 番薯屬 CONVOLVULACEAE Herb to Shrub --
Lantana camara 馬纓丹 VERJBENACEAE Shrub E 
Lantana montevidensis 小葉馬纓丹 VERBENACEAE Shrub E 
Lindernia crustacea 母草 SCROPHULARIACEAE Herb N 
Lindernia sp. 母草屬 SCROPHULARIACEAE Herb --
Lolium perenne 黑麥草 GRAMINEAE Herb E 
Lygodium japonicum 海金沙，羅網藤 LYGODIACEAE Climbing Herb/Fem N 
Lygodium sp. 海金沙科 LYGODIACEAE Climbing Herb/Fem -
Lysimachia sp. 過路黃屬 PRIMULACEAE ^ " 
Macaranga tanarius 血桐 EUPHORBIACEAE T^ N 
Mallotus paniculatus 白楸 EUPHORBIACEAE Tree or shrub N 
Merremia sp. 魚黃草屬 CONVOLVULACEAE Climbing Herb --
Mikania micrantha 藻甘菊 ASTERACEAE ^ E 
Murdannia nudiflora 裸花水竹草 COMMELINACEAE ^ N 
Paederia scandens 雞矢藤 RUBIACEAE Climber/Vine N 
Panicum maximum 大黍 GRAMINEAE U^ E 
Paraixeris denticulata 黃瓜菜 ASTERACEAE N 
Parthenocissus sp. 地錦屬 VITACEAE Woody vine E 
Paspalum dilatatum 毛花雀稗 GRAMINEAE ^ E 
Paspalum notatum 百喜草 GRAMINEAE E 
Peperomia peUucida 草胡椒 PIPERACEAE ^ E  
Phyllanthus sp. 葉下珠屬 EUPHORBIACEAE S l ^ " 
Phyllanthus urinaria 葉下珠 EUPHORBIACEAE Herb N 
Pilea microphylla 小葉冷水花 URTICACEAE ^ E 
Pityrogramma calomelanos 粉葉蕨 HEMIONITIDACEAE Herb/Fern E 
Poaceae sp. 禾本科 GRAMINEAE " 
Pogonartherum crinitum 金絲草 GRAMINEAE Herb N  
"pteris ensiformis 劍葉鳳尾蕨，井邊茵 PTERIDACEAE Herb/Fern N 
Pterisfauriei 金釵鳳尾蕨，粗蕨草 PTERIDACEAE Herb/Fern N 
Pteris semipinnata 半邊旗 PTERIDACEAE Herb/Fern N 
Pteris vittata 蜈松草 PTERIDACEAE Herb/Fern N 
134 
Native/ 
Species Name Chinese Name Family Habitat 
Exotic 
Rhynchelytrum repens 紅毛草 GRAMINEAE Herb N 
Rottboellia exaltat 筒軸茅 GRAMINEAE Herb N 
Scoparia dulcis 野甘草 SCROPHULARIACEAE Herb E 
Sedum chiysastrum 佛甲草,禾雀脷 CRASSULACEAE Herb E 
Setaria pallidifusca 褐毛狗尾草 GRAMINEAE Herb N 
Solarium americanum 少花龍葵 SOLANACEAE Herb N 
Solarium torvum 水茄 SOLANACEAE Shrub N 
Sphenomeris chinensis 烏蕨 LINDSAEACEAE Herb/Fern --
Synedrella nodiflora 金腰箭 ASTERACEAE ^ E 
Syzygium sp. 蒲桃屬 MYRTACEAE T ^ --
Trema sp. 山黃麻屬 ULMACEAE Shrub or small tree --
Trema tomentosa 山黃痳 ULMACEAE Shrub or small tree N 
Triumfetta rhomboidea 刺蒴麻 TILIACEAE Subshrub N 
Urena lobata 肖梵天花 MALVACEAE Sub-shrub/Herb N 
Vernonia cinerea 夜香牛 ASTERACEAE ^ N 
Youngia japonica 兼鵪菜 ASTERACEAE Herb N 
—represents unidentified details 
Sources: AFCD and CAS (2002). Check list of Hong Kong Plants. 
Hong Kong Herbarium, AFCD (2003). Hong Kong Herbarium Plant Database. 
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